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EXECUTIVE SUMMARY 

This report, which is required annually by the Rocky Flats Cleanup Agreement (RFCA, 1996), 

summarizes the groundwater compliance activities and results at the Rocky Flats Environmental 

Technology Site (WETS) for calendar year (CY) 1998. The report is presented in one volume which 

contains text, tables, figures, plates and appendices. 

Section 1 serves as a brief introduction to the report and summarizes the Site environmental history and 

hydrogeologic setting. Section 2, Data Analysis, discusses the groundwater quality data collected in 

CY98 and contains a data quality assessment regarding the precision, accuracy, representativeness, 

completeness, and comparability (PARCC parameters) of analytical data. In addition, Section 2 contains 

updated composite plume maps for volatile organic compounds (VOCs) and nitrate. Section 3 presents 

groundwater flow conditions during CY98, and compares them to groundwater flow conditions 

documented during CY96. Hydrologic conditions during calendar year 1996 are considered to represent a 

sitewide baseline to be used in assessing annual changes to the groundwater flow system in the remaining 

years of plant closure and post-closure monitoring. Section 4, Groundwater Evaluations, discusses the 

evaluation activities that are in progress for areas of the Site having reportable concentration values or 

where it is known that contaminant plumes have reached surface water. Section 5 presents a summary of 

decontamination and decommissioning (D&D) activities, with respect to groundwater, that have taken 

place during 1998. Section 6 presents a summary of other CY98 groundwater characterization activities 

at WETS that involved groundwater issues. Section 7 serves to outline other Groundwater Program 

activities including the Well Control Program (WCP), the real time groundwater monitoring network, 

1998 well abandonment and installation activities, and a summary of activities at the Present Landfill. 

Section 8 presents conclusions and recommendations for hture groundwater characterization activities. 

Section 9 lists all references that are cited in the text of t h s  document. 

0 

There are four appendices to this report. Appendix A consists of CY98 water level data. Appendix B 

presents well hydrographs. Appendix C. 1 presents 1998 borehole logs. Appendix C.2 presents 1998 well 

construction logs 

vii 
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1.0 INTRODUCTION 0 
This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities and 

results at Rocky Flats Environmental Technology Site WETS for calendar year 1998 (CY98), as required 

in the Rocky Flats Cleanup Agreement (RFCA), and outlined in the Integrated Monitoring Plan (IMP) 

(K-H, 1998a). Section 1 serves as a brief introduction to the report. Section 2 discusses the groundwater 

quality data collected in CY98. Section 3 presents baseline hydrogeologic data for the recently defined 

RFCA groundwater monitoring network. Section 4 discusses the groundwater evaluation activities that 

are in process. Section 5 discusses Building Decontamination and Decommissioning (D&D) with respect 

to groundwater issues. Sections 6 and 7 give a brief summary of pre-remedial characterization and other 

activities at RFETS in CY98 that involve groundwater. 

1.1 Site Description 

Rocky Flats Environmental Technology Site is located 16 miles northwest of Denver in Jefferson County, 

Colorado. The Site is a U. S. government-owned and contractor-operated facility that encompasses 

approximately 6,550 acres of federally-owned land (Figure 1-1). Site ownership, however, does not 

include surface and subsurface minerals or water rights. Site construction was initiated in 195 1 and 

operations were begun in 1952. 

0 
Prior to the current closure mission, RFETS was part of the nationwide nuclear weapons research, 

development, and production complex. The plant produced metal components for nuclear weapons from 

plutonium, uranium, beryllium, and stainless steel. Other production activities included chemical 

recovery and purification of recyclable transuranic radionuclides, metal fabrication and assembly, and 

related quality control hnctions. The plant conducted research and development programs in metallurgy, 

machining, nondestructive testing, coatings, remote engineering, chemistry, and physics. Parts 

manufactured at the Site were shipped offsite for final assembly. 

Major plant structures, including all production buildings, are located withm a centralized 400-acre 

Industrial Area (IA) of the Site that is surrounded by a 6,150-acre Buffer Zone. Industrial activity 

immediately adjoining the Site includes present andor prior coal and clay mining, petroleum recovery, 

natural classified-aggregate quarrying, and fabricated-aggregate mining. Other activities include cattle 

ranching and wind energy research. Several irrigation ditches traverse the Site, transmitting water for 

9 November, 1999 1 
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0 downstream agricultural, industrial, and municipal purposes. Three ephemeral streams drain the Site and 

flow eastward (see Figure 1-2). 

1.2 Geology and Hydrogeology 

1.2.1 Introduction 

The Site is situated approximately two miles east of the Front Range of Colorado (Figure 1-l), on the 

western margin of the Colorado Piedmont section of the Great Plains Physiographic Province (Spencer, 

1961). Haun and Kent (1965) have summarized the geologic history of the Colorado Rocky Mountain 

region, which includes the Site area. The elevation at the Site is approximately 6,000 feet above mean sea 

level (MSL). The Industrial Area of the Site is located on an alluvial-covered pediment. The upper 

surface of the alluvium slopes easterly 1 to 2 degrees. Most of the surrounding area in the Buffer Zone is 

more prominently dissected with intermittent streams. These small, eastward flowing streams include 

Rock Creek, Walnut Creek, Woman Creek, and several surface water diversion ditches. 

1.2.2 Stratigraphy 

The stratigraphic sequence that underlies the Site extends from the crystalline Precambrian gneiss, schist, 

and granitoids at 3,000 feet below MSL to the unconsolidated Quaternary deposits at the surface 

approximately 6,000 feet above MSL. Based upon aerial photographic interpretation, field geologic 

mapping, coal and aggregate mine development, petroleum exploration in the vicinity, and numerous 

borehole investigations, a substantial amount of lithologic information has been gained about the Site. 

The generalized lithologic section in the Rocky Flats area is shown in Figure 1-3. 

Bedrock formations from the uppermost Cretaceous Pierre, Fox Hills, Laramie, and Arapahoe Formations 

are present and exposed at the surface or lie beneath the Site. The Quaternary Rocky Flats Alluvium, and 

to a limited extent Verdos Alluvium, unconformably overlie the Cretaceous Arapahoe and Laramie 

Formations in the central portion of the Site. The unconsolidated surficial deposits, combined with the 

weathered portion of subcropping bedrock formations, form the sequence of rocks that have the greatest 

importance regarding groundwater flow and contaminant transport at the Site. 

November, 1999 P 3 



M 
i- w 
U 
E 

vf 
C 
5 .- 
I 

E 
ij 
U 

a2 

* 4  
3 
v) 
c) 
3 
YJ 
C - 

F~rmirliQZ! 
Verdos 
Alluvium 

Rocky Flats 
Alluvium 

irapahoe Fr 
_II__ 

La ram 
FOrrnatlwt 

Pwne Shak 

Ly)o= 
Formation 

Lyons 
Sandstone 

Fountatn 
Formation 

Precambnan 
- I  7byr 

RFIRMRS-99-433. UN 
Final I998 Annual RFCA Groundwater Monitoring Report 

Qescrmtion 
Reddish brown miitnx. moderatefy sofled, sandy pe&k? gravel and 
pebbly siltysand 

Reddish brown to yellowish brown rnalnx. grayish-orange to dark gra) 
unorty sorted. anguiar io subrwnded, cobbles, coarse graveis. coarse sands 
and gravetiy clays, varyng amounts of caltche, aggregate source 

Grey to yellowish orangeclay stone. sandy clay stme, and clayey 
sandstom. medium to warm sandstone and chert pebbie conglomerate 
iocatiy at base 
Gray. hne- to mdturn-grained sandstone and day stanes. thin coal beds 
mmed in lower aat? 

Light Olive gray to yeibwrsh brown fine- to medzam-grained crm-bedded 
sandstone. and l m a t e d  siity sandstone and shale at base; aquifer east of 
RFUS 
Dark gray, silty bentonAc shale and few Thin, sitty sandstones 

Hygrene Sandstone Member M lower part 

Otive gray to dusky yelkrw. very calcar- shafe, thin bentamte, gypsum. 
and fossUfFKDus ttmestone beds 

Dark gray shale wih bentontte streaks, thin limestones in rmddla part 

-I  Dark gray to Mack. tmtt% sitty z W  

lqht gray, he- to medtum-grained acss-bedded sandstone, dark gray day 
s ~ n e  in middle part 

conglomerak endstone. 

Gray to greenishgray io red shale and sittstm. thin timestones in mrddle 
part; IenWar randstows in 

Light gray siltstme and light red, sally sbafe: caicareowi: chert nodules and 

and lower part 

450' 
Red sikstone and ctay stom with two brrnnatad limestones in bwer pafl 

Pinkish-gray, hne- to modtum-gi 
/ conglomerattc lenses frequent 

Red, fine- to coarse-graied 
sandstone and conglomerate. 
arkoss, a n ,  lenticular fed 
stifstones frequent Mrwghour 

I - Gneiss, schist. and Smaii 
gtanrtrc intrusions 

Modifred trom LeAoy and Weimer (1971) 

sands-: 

Figure 1-3 
Generalized Stratigraphic 

Column for the Rocky Flats Area 
Rocky Mountain Remediation Services, L.L.C 
Geographic Information Systems Group 
Rocky Flats Environmental Technology Site 
PO Box464 
Golden, CO 80402-0464 

99-0465 



W/MRS-99-433. W 
1998 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report ' 1.2.2.1 Rocky Fiats Alluvium 

Scott (1 975) has identified several Quaternary alluvial formation pediment covers in the vicinity of the 

Site. The Rocky Flats Alluvium is an unconsolidated deposit derived from quartzites and granites of the 

Coal Creek Canyon provenance west of the Site. The deposit diminishes from west to east with 

thcknesses ranging from approximately 100 feet to less than one foot. In the central portion of the 

Sitethe deposit is approximately 15 to 25 feet thick. The Rocky Flats Alluvium is a heterogeneous 

deposit dominantly composed of angular to subrounded, poorly-sorted, coarse, bouldery-gravel with a 

clay and sand matrix. Clay, silt, and sand lenses as well as varying amounts of caliche are also present. 

Exposures of Rocky Flats Alluvium in the aggregate quarries north and west of the Site exhibit some 

large scale cross-stratification. Depositional processes include fluvial and debris-flow transport (Shroba 

and Carrara, 1994) infilling paleotopographic lows and leaving a widespread surface of erosion with 

extremely low relief. 

1.2.2.2 Other Surficial Deposits 

In addition to the pediment-forming alluvial deposits, younger Quaternary units consisting of colluvium, 

landslide alluvium, and valley fill alluvium mantle the hillslopes and valley bottoms below the pediment 

surface. Colluvial deposits are derived from Arapahoe and Laramie Formations and older alluvial 

deposits. This unit consists of sheetwash, soil creep, and landslide materials with a total thickness of 3 to 

16 feet (Shroba and Carrara, 1994). These deposits locally flank the Rocky Flats Alluvium and generally 

extend to Iower parts of the slopes along the principal drainages. 

0 

Landslide deposits more commonly flank the Rocky Flats Alluvium. They are often bounded by 

headwall scarps and lobate toes at the downslope margins. Seeps issuing from the base of the Rocky 

Flats Alluvium contribute to landslide colluvium generation. The landslide units include earth flows, 

slumps, and debris flows with thcknesses estimated between 10 to 33 feet (Shroba and Carrara, 1994). 

Valley-fill alluvial deposits, present in the bottoms of modern stream channels, flood plains, and terraces, 

are composed of clay, silt, sand, and gravel. They are commonly less than 10 feet thick but can be tens of 

feet thick. Usually these deposits contain more sand and are more well-sorted than the Rocky Flats 

Alluvium. 

Novembev, I999 \? 6 
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1.2.2.3 Arapahoe Formation 

The Arapahoe Formation is composed of claystone and silty claystone with lenticular sandstone in the 

basal portion of the formation. The Arapahoe Formation is generally less than 25 feet thick in the Site 

area, occurring as erosional remnants of fine grained sandstone above the Laramie Formation at various 

locations on Site (EG&G, 1995a). ms basal Arapahoe Formation sandstone, which is currently defined 

as the No. 1 Sandstone, is of concern as a potential contamination pathway, especially where it subcrops 

beneath the alluvialhedrock unconformity. 

1.2.2.4 Laramie and Fox Hills Sandstone Formations 

The Laramie Formation is approximately 600 to 800 feet thick and is composed of a lower 

sandstone/claystone/coal interval and an upper, thick claystone interval. Within the upper claystone 

interval, thin, lenticular sandstone lenses (i.e., Sandstones 2 through 5 in the 1991 Geologic 

Characterization Report (EG&G; 199 la)) occur. The discontinuous nature of these sandstone lenses 

coupled with the large claystone layer that encloses them mitigates their potential for transmitting 

groundwater contamination in both a horizontal and vertical direction. 

The Fox Hills sandstone is primarily fine-grained sandstone with thin siltstone and claystone interbeds 

and an approximate thickness of between 75 and 125 feet. The Fox Hills sandstone crops out and 

subcrops along a narrow, north-south trending pattern in the extreme western part of the Site: upgradient 

from known sources of contamination. 

The permeable lower sandstones and coals of the Laramie, combined with the permeable sandstones of 

the Fox Hills, constitute a regional aquifer system known as the Laramie-Fox Hdls aquifer. This aquifer 

system is an important water source in the South Platte River Basin (Pearl, 1980), and is the sole water 

supply for some residents in the Rocky Flats area. ms aquifer lies approximately 500 to 600 feet below 

the Industrial Area and is protected from possible contamination by the intervening Laramie Formation 

claystones. 

1.2.2.5 Pierre Formation 

The Pierre Formation is a 7,500-foot thick, dark gray, silty bentonitic shale that acts as a lower confining 

layer for the Laramie-Fox Hdls aquifer in the Denver Basin. This thick marine shale unit subcrops only 

in the extreme western part of the Site 

0 
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0 1.2.3 Geologic Structure 

The Site is located along the western margin of the Denver Basin, an asymmetric basin with a steeply 

east-dipping western flank and a gentle eastern flank. The interpretation of the subsurface structure is 

generalized in the east-west geological cross section of the Site area presented in Figure 1-4. A 

monoclinal fold limb exposed west of the Site is the most significant surficial structural feature in the Site 

area. Along the west limb of the fold, an angular unconformity exists between the Upper Cretaceous 

bedrock and the base of the Quaternary Rocky Flats Alluvium. 

No active faults have been identified at the Site. Several high angle bedrock faults have been inferred to 

exist in the IA based on various stratigraphic and borehole correlation criteria. These faults appear to 

have only a limited hydrologic significance with regard to vertical groundwater movement and 

contaminant transport (RMRS, 1996a). 

1.2.4 Hydrogeology 

This section presents the basic concepts about the hydrogeologic conditions at the Site that affect 

groundwater monitoring and protection. Characterization of the hydrogeologic setting is based on the 

currently accepted conceptual geologic aind hydrogeologic models described in the Sitewide Geoscience 

Characterization Study (EG&G, 1995a; 1995b; 1995~). These conceptual geologic and hydrogeologic 

models are used to predict the direction and rate of groundwater flow, identify potential pathways for 

contaminant migration, and determine the extent of contaminant plumes given varying physical, 

chemical, and biological factors. 

1.2.4.1 Definition of the Uppermost Aquifer for the Site 

The term aqurfer as defined by 40 CFR Section 260.10 is a “geologic formation, group of formations, or a 

part of a formation that is capable of yielding a significant amount of water to a well or spring.” An 

uppermost aqufer is also defined as “the geologic formation nearest the natural ground surface that is an 

aquifer, as well as lower aquifers that are hydraulically interconnected with this aquifer within the 

facility’s boundary.” Geologic materials with similar hydrologic properties comprise a hydrostratigraphc 

unit (HSU) (Fetter, 1988). For purposes of this report, the uppermost aquifer or upper hydrostratigraphic 

unit (UHSU) consists of the unconfined saturated zone, in which unconsolidated and consolidated 

groundwater-bearing strata are in hydraulic communication. The UHSU consists of the following 

geologic units: Rocky Flats Alluvium, valley-fill alluvium, colluvium, landslide deposits, weathered 0 
/ November, 1999 8 I’ 
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Arapahoe and Laramie Formation bedrock, and all sandstones within the Arapahoe and upper Laramie 

Formations in hydraulic communication with the overlying unconsolidated surficial deposits. The UHSU 

is considered to be equivalent to the uppermost aquifer at the Site. 

Beneath the surficial materials and the consolidated sandstones ofthe UHSU are the geologic units of the 

lower hydrostratigraphic unit (LHSU). The LHSU consists of the consolidated, unweathered bedrock 

zone of the Arapahoe and upper Laramie Formations not in hydraulic communication witlithe overlying 

UHSU. The Arapahoe and upper Laramie Formations comprising the geologic units of the LHSU consist 

of lesser amounts of sandstone and greater amounts of adjacent claystones. Because of the low 

permeability of the claystones, they behave as aquitards restricting hydraulic communication with the 

UHSU. The lower Laramie and Fox Hills Sandstone Formations comprise a stratigraphically lower and 

thrd hydrostratigraphic unit beneath the site. Groundwaters of the three hydrostratigraphic units are 

hydraulically separated beneath the IA. They do converge, however, and are in mutual contact 

immediately upgradient near the western margin of the Site due to monoclinal folding and erosional 

proximity. Initially, background geochemical characterization of the UHSU and LHSU revealed that 

these units have statistically different groundwater chemistry concluding with the delineation of separate 

hydrostratigraphc units (EG&G, 1993a). In addition, possible communication of the hydrostratigraphic 

units along other geologic structures is currently being assessed. More detailed differentiation of the 

LHSU will be achieved as new hydrogeologic and geochemical data are generated from Site 

investigations currently proposed or in progress. 

1.2.4.2 Groundwater Occurrence and Distribution 

The Site is located in a regional groundwater recharge area (EG&G, 199 la). Groundwater recharge 

occurs from the infiltration of incident precipitation and as base flow near the upgradient area of the Site 

drainage basin that extends west to Coal Creek. Groundwater recharge occurs from the infiltration of 

precipitation and from stream, ditch, and pond seepage. Much of the groundwater that dscharges from 

the UHSU to streams and seeps evaporates as it is being discharged. Limited investigation of the former 

OU2 area during the period of July through October 1993 indicated that the precipitation component of 

recharge was lost to evapotranspiration demands (EG&G, 1993b). 

In the western part of the Site, where the thickness of the Rocky Flats Alluvium reaches 100 feet, the 

depth to the water table is 50 to 70 feet below the surface. The depth to water generally becomes 

shallower from west to east as the alluvial material thins and the confining claystones are closer to the 

ground surface. At the head of stream drainages and along valley sides, seeps are common at the base of 
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0 the Rocky Flats Alluvium where it is in contact with claystones of the ArapahoeLaramie Formations, and 

where the Arapahoe Formation sandstone crops out. In general, the unconsolidated surficial materials are 

thicker in the western, higher elevations at the Site. Accordingly, the saturated thickness of these 

materials also thins eastward. The potentiometric surface of groundwater in unconsolidated surficial 

deposits has been mapped and is shown on Plates 2 and 3. The periods illustrated represent the times of 

year when static water levels are expected to be both high and low. Areas of unsaturated and seasonally 

unsaturated alluvium and colluvium are indicated east and northeast of the IA. 

Groundwater in the Arapahoe Formation sandstone units, which subcrop beneath the alluvial material, is 

not codined when in contact with the surfcial materials. In this setting, a hydraulic connection exists 

between the bedrock sandstone and the alluvial material allowing the bedrock groundwater to exist under 

unconfined conditions as part of the UHSU. The subcropping Arapahoe Formation No. 1 Sandstone, 

located in the eastern portion of the IA and in the area between South Walnut Creek and Woman Creek, is 

part of the UHSU (EG&G, 1991a). The upper discontinuous sandstones of the Laramie Formation also 

subcrop beneath alluvium and colluvium, but in limited areas in the valleys and along valley slopes. 

Groundwater in the lenticular sandstone units of the Laramie Formation occurs under confined conditions 

over scattered areas of the Site. 0 
Groundwater levels in UHSU wells fluctuate in response to seasonal recharge events. Approximately 15 

percent of the groundwater monitoring wells are commonly dry during at least one of the quarterly 

sampling events. Of the remaining wells, approximately half cannot yield sufficient water volume 

(4.5 gallons) necessary for a full suite of laboratory samples. Sampling crews must return later after wells 

have recovered to obtain additional sample volumes. 

1.2.4.3 Groundwater Flow 

The shallow groundwater flow regime at the Site is illustrated by the configuration of potentiometric 

contours in Plates 2 and 3. These maps indicate that groundwater flow is largely controlled by the 

topography of the bedrock surface. Groundwater in the ridge tops generally flows toward the east- 

northeast. In areas where the ridge tops are dissected by east-northeast trending stream drainages, 

groundwater flows to the north or south toward the bottom of the valleys. In the valley bottoms, 

groundwater flows to the east, generally following the course of the stream. Shallow groundwater flow is 

primarily lateral due to the low permeability of the underlying claystone bedrock. 

A potential for vertical groundwater flow, although limited by the low permeability of bedrock 

claystones, is indicated by the presence of strong downward vertical hydraulic gradients between the 
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0 UHSU and underlying bedrock units. This situation implies a condition of poor hydraulic 

communication. For example, vertical gradients on the order of 0.79 to 1.05 Wft have been calculated 

between colluvial and bedrock sandstones. The vertical groundwater flux through claystones is assumed 

to be small, on the order of lo-’’ to 1 0-7 cdsec,  based on calculations provided in RMRS (1 9964. 

Fracturing, where evident, is most abundant in the weathered bedrock zone, but is observed to decrease 

with depth in unweathered bedrock. Preferential vertical groundwater flow and contaminant transport 

along fractures or fault zones does not appear to represent a viable pathway for contaminant migration 

based on an assessment of available data (RMRS, 19964. 

1.2.4.4 Hydraulic Conductivity 

The UHSU at the Site has a relatively low to moderate hydraulic conductivity that typically yields small 

amounts of water to groundwater monitoring wells. The UHSU exhibits a wide-range of hydraulic 

conductivities because of the diverse nature of the individual geologic units that comprise this unit. 

Summary statistics for UHSU hydraulic conductivities (EG&G, 1995c, Table G-2) indicate a range of 

5.0 x cdsec  to 3 x lo‘* cdsec.  Listed in order of decreasing geometric mean hydraulic 

conductivity, the relative ranking of individual units of the UHSU’is presented as follows: valley-fill 

alIuvium (2.5 x cdsec); Arapahoe No. 1 sandstone (7.9 x lo4 cdsec); Rocky Flats Alluvium (2.1 x 

lo4 cdsec); colluvium (9.3 x 10.’ cdsec); weathered Laramie Formation sandstones (3.9 x 10” cdsec); 

and weathered Laramie Formation claystones (8.8 x 1 0-7 cdsec).  

Hydraulic conductivities for LHSU materials are generally the lowest measured at the Site with geometric 

mean values for individual lithologic groups ranging from 1.6 x 

Table G-2). The low permeability and 600+ foot thickness of the upper Laramie Formation claystones act 

as an effective aquitard that restricts downward vertical groundwater flow and contaminant transport to 

the Laramie-Fox Hills aquifer (RMRS, 1996a). 

to 5.8 x cdsec  (EG&G, 1995c, 

In summary, the following major geologic and hydrologic parameters influence groundwater flow at the 

Site (EG&G, 1995a; 1995b): 

(1) Topography controls the surface waters of the upslope drainage basin which in part recharges 
groundwater and the three principal streams draining the Site. The majonty of shallow 
groundwater is intercepted by these drainages. 

(2) The lithology and permeability of the unconsolidated surficial deposits permit meteoric waters to 
recharge the water table. The water table is contained in alluvium and weathered bedrock. 

Paleotopography of the bedrock pediment, which is less permeable than the overlyng (3) 
0 
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unconsolidated surficial deposits, serves to focus groundwater movement along bedrock “lows.” 

(4) Paleoweathering of shallow bedrock materials has enhanced the permeability ofthe upper 10 to 60 
feet relative to  unweathered bedrock. 

The permeability of bedrock units, composed primarily of claystone with lesser amounts of siltstone and 

sandstone, is generally several orders of magnitude less than for unconsolidated surficial deposits. The 

600+ feet of unweathered bedrock between the shallow groundwater flow system and deep regional 

Laramie-Fox Hills aquifer provides an effective barrier to vertical groundwater and contaminant 

movement. 

1.3 Environmental History 

Processing and fabrication of weapons-related components began at the Site in 1952 and continued 

through 1989. Fabrication of stainless steel components continued, however, in one building through the 

early 1990’s. During operation, environmental protection measures were established that seemed 

consistent with prudent environmental management. However, some activities resulted in the 

environmental contamination of portions of the Site. Efforts to document the extent of Site contamination 

are in progress, in accordance with the Resource Conservation and Recovery Act (RCRA), the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and the RFCA, a 

cooperative agreement between U. S. Department of Energy (DOE), U.S. Environmental Protection 

Agency (EPA), and Colorado Department of Public Health and Environment (CDPHE). In addition, a 

historical release report (HRR) (DOE, 1992a) has been developed that documents knowledge gained to 

date about contamination arising from past practices. The HRR is updated on an annual basis with the 

knowledge gained from ongoing monitoring and investigative activities on site. The additional 

information is submitted on an annual basis to the EPA and CDPHE as addenda to the original document. 

Documented areas of soil contamination have been designated as Individual Hazardous Substance Sites 

(MSSs). Many of these IHSSs have been characterized as part of the Remedial InvestigatiodFeasibility 

Study (RI/FS) process which was conducted under the Interagency Agreement (IAG, 1991) between 

DOE, CDPHE and EPA. Some IHSSs have already been remediated and others are currently scheduled 

for excavation and treatment by the Environmental Restoration Department in accordance with a Site 

environmental remediation priority ranking system. 

Groundwater investigations at the Site have determined that some IHSSs have released hazardous and 

radionuclide contaminants to groundwater. The most widespread contamination is that of volatile organic 

compounds (VOCs). Plate 10 shows the distribution of VOC contamination in the UHSU. Plume 0 
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0 definition is inexact however, because of limitations in well coverage, variability of hydrostratigraphic 

conditions, and local variations in groundwater transport velocity. Previously published plume maps for 

individual constituents can be found in the 1993 Well Evaluation Report (EG&G, 1994a), the annual 

RCRA Groundwater reports (EG&G, 1992, 1993c, 1994b, 1995d; RMRS/KH, 1996) and in individual 

OU WRFI reports. 

Compared to all other contaminants, groundwater VOC plumes at RFETS have the greatest potential to 

impact surface water, based on spatial distribution and concentration considerations. These plumes have 

been defined on the basis of concentration values above the RFCA Tier I1 Action Level for individual 

constituents. Action levels at RFETS are derived from and are similar to regulated maximum 

concentration limits (MCLs). To delineate areas of highly contaminated groundwater, the Tier I 

groundwater action levels of 100 x Tier I1 Action Levels were compared against all groundwater data for 

the most common VOCs in groundwater. Values above Tier I and Tier I1 Action Levels were plotted and 

are shown on Plate 10. The most probable sources were identified using the results of recent field 

sampling programs and correlating this with our knowledge of Site processes (see RMRS, 1996b). A 

flow diagram (RMRS, 1996b) illustrates the method used to locate the contaminant plumes and 

corresponding sources, and to assist in determining which areas should be evaluated for potential 

remedial action. Other contaminants will also be addressed where there is a potential impact to surface 

water above action levels, 

0 

Six VOC groundwater contaminant plumes have been identified where contaminant concentrations are 

above Tier I Action Levels. These groundwater contaminant plumes include the IHSS 119.1 Plume, 

Mound Plume, 903 Pad and Ryan’s Pit Plume, Carbon Tetrachloride Plume, East Trenches Area Plume, 

and Industrial Area Plume. In addition, there are two plumes with contaminant concentrations above Tier 

I1 Action Levels that have the potential to impact surface water. These plumes are the Present Landfill 

and the Property Utilization and Disposal (PU&D) Yard ( M R S ,  1996b). 

In addition to the VOC plumes, there are other constituents with concentrations above action levels in 

groundwater. Evaluation of metals anomalies has been curtailed pending re-evaluation of background 

thresholds that will be done in FY99. 

1.3.1 Rocky Flats Cleanup Agreement 

The RFCA was officially adopted on July 19: 1996 (RFCA, 1996). The RFCA replaces the IAG as the 

environmental cleanup agreement for RFETS. The RFCA outlines the goals, objectives, and strategies 

that will lead to the RFETS cleanup and closure mission objectives. The Action Level Framework (ALF) 
0 
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0 attachment to the RFCA contains specific requirements for environmental monitoring and reporting, and 

it sets action levels for contaminant concentrations in groundwater and in other media. The IMP is 

required under RFCA to further define the monitoring programs for the Site. 

To align the groundwater monitoring program with the new WETS mission and RFCA requirements, the 

monitoring network was evaluated in 1996. A data quality objective (DQO) process was used to 

determine what decisions were necessary for groundwater and the fimction of each well in the network in 

supporting those decisions. DOE, CDPHE, EPA, and stakeholders were directly involved in decisions 

involving the monitoring network. Results of this evaluation are presented in the IMP which is discussed 

below. 

1.3.2 Integrated Monitoring Plan for Groundwater 

The Integrated Monitoring Plan (IMP) is a summary document that outlines the goals for groundwater 

monitoring (and other environmental media), and describes the various components of the groundwater 

monitoring program (K-H, 1998a). To evaluate groundwater monitoring needs, one must know the 

RFCA ALF for groundwater, the Site history and areas of contamination, the physical and hydrogeologic 

setting of the Site, the effect of contaminated areas on groundwater, and the nature of the groundwater 

contaminant plumes. This information is presented in the IMP Background Document (K-H, 1998b). 

Appendices A, B, C, and D of the groundwater section of the Background Document cover these previous 

topics. Appendix E of the groundwater section lists the wells that will be monitored for water quality or 

for groundwater flow. 

0 

In the past, two plans have been required at RFETS to comply with DOE Order 5400.1 (DOE, 1988, 

Page 111-2), a Groundwater Protection & Management Program Plan and a Groundwater Monitoring Plan. 

These two plans have historically been combined into one document, the Groundwater Protection and 

Monitoring Program Plan (GPMPP) (EG&G, 1993d), which defines and describes the groundwater 

protection and monitoring programs at the Site. In addition, an assessment groundwater monitoring plan 

was required under RCRA for the interim status units on Site. This Plan is called the Groundwater 

Assessment Plan (GWAP) (DOE, 1993a). Other monitoring plans have been developed to address 

groundwater monitoring requirements as outgrowths of various CERCLA Interim Measurehterim 

Remedial Action (IM/IRA) decision documents. The IMP will serve as the Groundwater Monitoring Plan 

for the Site, and it will replace the requirements found in the group of plans named above. It will also 

revise the requirements of the routine groundwater monitoring portion of the IA IM/IRA decision 

document (DOE, 1994) and the French Drain Performance Monitoring Plan (DOE: 1992b). 0 
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0 The original IMP was published in May 1997. The IMP and IMP Background Document are updated 

annually with any changes to the monitoring programs 

7%; groundwater monitoring network, as defined in the IMP (K-H, 1998a), has eight categories of 

m6nitOring wells. Table 1-1 lists the wells in the current monitoring program. Table 1-2 presents the 

analytical suites associated with each well in the program. The decision rules presented in the original 

IMP have been retained for determining Tier I and I1 exceedances of groundwater Action Levels. The 

well types and decision rules are defined below: 

Boundary (B) Monitoring Wells 

These wells monitor groundwater leaving the eastern Site boundary. A reportable exceedance occurs if a 

measured concentration is above a Tier I1 action level and the background Mean plus 2 Standard 

Deviations (M2SDs). When there are no previous historical data, or a value is greater than the M2SD of 

the historical concentration in the well when there have been hstorical exceedances of Tier I1 action 

levels, the required action is to initiate monthly sampling. Appropriate parties (DOE, CDPHE and EPA) 

are notified and possible impacts to surface water are evaluated if contaminant levels are above action 

levels, by the above criteria, for three consecutive months 0 
D&D (DD) Monitoring Wells 

These wells monitor for releases to groundwater from decontamination and decommissioning (D&D) 

activities. A concentration value is reportable when a measured concentration is above the M2SD of the 

established historical baseline concentration downgradient of the building(s). The required action is to 

inform appropriate parties and initiate an evaluation of the situation. 

Plume Definition (PD) Monitoring Wells 

These wells are located within known contaminant plumes and are above Tier I1 action levels, but are 

below the Tier I action levels established in the ALF. A value is reportable when a measured 

concentration is above a Tier I action level, and the background M2SD, and the M2SD of the historical 

concentration in the well. The required action is to reclassify as a Tier I reportable well and evaluate 

possible impacts to groundwater. 

Plume Extent (PE) Monitoring Wells 

These wells are located at the edges of known groundwater contaminant plumes, along pathways to 

surface water. These wells monitor for an increase in concentrations that may result in hture impacts to 

surface water. A value is reportable if a measured concentration is above a Tier TI action level and the 
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0 background M2SD. When there are no previous historical data, or a value is greater than the M2SD of 

the historical concentration in the well when there have been hstorical values above Tier I1 action levels, 

the required action is to initiate monthly sampling. Appropriate parties are notified and possible impacts 

to surface water are evaluated if contaminant levels a-e above action levels, by the above criteria, for 

three consecutive months. 

Drainage (D) Monitoring Wells 

These wells are located in stream drainages, downgradient of contaminant plumes. They have the same 

programmatic requirements as PE wells under the IMP. 

A value is reportable when a measured concentration is above the Tier I1 action level and the background 

M2SD. When there are no historical data, or a value is greater than the M2SD of the historical 

concentration in the well when there have been historical values above Tier I1 action levels, the required 

action is to initiate monthly sampling. Appropriate parties are notified and possible impacts to surface 

water are evaluated if values are above action levels, by the above criteria, for three consecutive months. 

Performance Monitoring (PM) Wells 

0 These wells monitor the effect of a remediation or source removal action, as required in the ALF. If an 

increasing trend in the concentration of a contaminant is noted, then the appropriate parties are notified 

and an evaluation of the situation is initiated. 

RCRA Monitoring Wells 

These wells monitor downgradient groundwater contaminant concentrations at RCRA units. If the mean 

concentration of a contaminant in a downgradient well is greater than the mean concentration in 

upgradient wells and concentrations at the well show an upward trend with time, a report will be made to 

appropriate agencies and an investigation will be initiated to investigate possible causes. 

Plume Degradation Monitoring Wells 

These wells monitor the downgradient portions of groundwater plumes or plume sources to establish 

whether natural processes are degrading (also called attenuating) the nature and extent of the plume prior 

to entering the surface water environment. In areas where monitoring can document a natural attenuation 

process for a plume, other remediation activities may not be necessary. These wells would differ from 

plume extent wells in that the analyte suite may include parameters that focus on measuring the 

attenuation process. Also, these wells would not only look at concentration of contaminants but would 

look at the breakdown products from these contaminants in the evaluation process. If significant natural 

attenuation can be substantiated, then a non-remedial decision can be promulgated for the plume. 
0 
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0 Groundwater reporting has been integrated under the IMP. Four quarterly reports are produced annually 

that document concentration values above RFCA Action Levels. Also documented are changes in water 

quality for wells not monitored for comparison to action levels. A RFCA Annual Groundwater Report is 

also required to summarize all actions taken for groundwater compliance within each calendar year. 

For documented values above action levels and Site background in the designated monitoring wells in the 

program, an evaluation of impact to surface water is required. These evaluations are determined on a case 

by case basis depending on the data requirements necessary to do the impact analysis. Section 4.0 of this 

report discusses the status of the current evaluations that were implemented based on elevated 

concentrations in 1996. 

1.3.3 Changes to the Groundwater Monitoring Program 

Additions to the Groundwater Monitoring Network 

Wells have been added to the Site monitoring network based on the results of groundwater evaluations 

and remediation activities. Plate 1 shows the locations for these monitoring wells. 

The Mound plume passive treatment system was completed in FY98. This system was constructed in the 

area of seep location SW59 and plume extent well 3586, both of which contained detections of VOCs 

above Tier I1 action levels. A performance monitoring network will be installed in FY99 to evaluate the 

effectiveness of the treatment system in reducing the VOC load to South Walnut Creek. 

A D&D monitoring network was established around Building 123> which was demolished in FY98. Five 

monitoring wells were installed and are numbered 10 198 through 10598. Two of the wells were located 

upgradient and the other three are located downgradient of the building. These wells were also used to 

characterize the potential under building contamination that might be affecting groundwater at the Site 

An investigation of the northern extent of the IA Plume was conducted in 1998 . Based on the results of 

the investigation VOC contamination was interpreted to be more extensive than previously thought. As a 

result, it may be necessary to re-evaluate the monitoring network in this area. Please refer to Section 4.1 

for additional information on this investigation. 

A real time water level monitoring network was initiated for the Site in 1998 to help qualify the affects of 

storm events and other recharge events on groundwater flow and transport. Twenty-five wells originally 

identified for water level measurements in the IMP were converted to real time monitoring stations that 

will record water levels six times per day. Please refer to Section 7.2 for additional information on this 0 activity. 
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The sampling frequency for monitoring wells at the Present Landfill was changed from semiannual to 

quarterly. This change was necessary to have enough data points so that an upgradient to downgradient 

comparison of mean concentrations of contaminants could be calculated. 
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2.0 GROUNDWATER DATA QUALITY ASSESSMENT 

2.1 Methods 

The quality of the analytical data is assessed in terms of five data-quality parameters: precision, accuracy, 

representativeness, completeness, and comparability (PARCC) (EPA, 1992a). This section summarizes 

the types of data available to assess the PARCC parameters. 

The WETS groundwater monitoring program, as established in the IMP, consists of 98 wells that are 

sampled at a semi-annual frequency (K-H, 1998a). A total of 232 well sampling visits were conducted 

during 1998. All samples specified in the IMP were collected unless well disposition was prohibitive (1.e. 

dry or went dry during sampling). Table 2-1 presents a summary of sample collection and well 

disposition 

Quality Control (QC) samples consisting of real/duplicate pairs and rinsate samples were collected from 

18 sites. The frequency for field QC sampling of 1 site in 5.4 exceeded the target rate of 1 site in 20 over 

the course of the 1998 sampling program. PARCC analysis of the 1998 QC data is presented in the 

sections that follow. Data used to evaluate the PARCC parameters are summarized in this report, and are 

presented in fd l  in the quarterly monitoring reports (RMRS 1998a; 1998b; 1999a; and 1999b). 

Precision 

Precision is a measure of the reproducibility of analytical results. Precision is expressed quantitatively by 

the relative percent difference (RPD) between duplicate field samples for VOCs, metals, and water 

quality parameters as defined by the following equation: 

RPD= <(S-D)! x 100 where, S = Sample Result 
(S+D)/2 D = Duplicate or Lab Replicate Result 

With respect to Radionuclides the WETS Groundwater Program uses the following “Duplicate Error 
Ratio” (DER) equation: 

DER= @-DE, where, TPUs = total propagated uncertainty of the sample 
TPUD = total propagated uncertainty of the duplicate or lab 
replicate 
S = sample result 
D = duplicate or lab replicate result 

2 112 [(TPUs2 + TPUD )] 
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0 Because TPU is only reported for Tritium (H3) analyses in the lab reports, 2-Sigma Error has been 

substituted for TPU in the Uranium and AmericiundPlutonium calculations made for this report. 

A RPD/DER is not calculated for duplicate samples for which the analytical result for either member is 

qualified as undetected by the laboratory. This includes “U” qualified data for volatile organic compounds 

and “U’ and “B” qualified data for inorganic compounds. The data flag “U’  indicates that the analyte was 

not present above the detection limit (IDL). The data flag “B” for inorganics indicates that the value is 

larger than the instrument detection limit but less than the method detection limit. Results in these 

categories have inherently poor reproducibility and are described qualitatively. 

The RPDs or DERs calculated for each real/duplicate pair having detections can be found in Table 2-2. 

The QC criterion for RPDs is 2 30%; for DERs the criterion is <I .96. Table 2-3 gives a summary of the 

overall precision compliance for RPDs and DERs. 

Accuracy 

Accuracy is a measure of how closely an analytical result corresponds to the “true” concentration in a 

sample. Accuracy, as applied to groundwater analytical data froin WETS, is described in FW/RMRS-98- 

200, Evaluation of Datafor Usabilify in Final Reports (August 1998) as a comparison of required 

analytical methods and detection limits with actual methods and detection limit for each analyte (K-H, 

1998a). Table 2-4 presents the contract-required detection limits (CRDLs) for the various analytes. 

Representativeness 

The discussion of representativeness in this section is limited to an evaluation of whether analytical 

results for field samples are truly representative of environmental concentrations or whether they may 

have been influenced by the introduction of contamination during collection and handling. The potential 

introduction of contamination is evaluated by examination of the analyticaI results for equipment rinsates 

(Table 2-5). Equipment rinsates are used to assess the efficacy of the decontamination process and 

possible cross-contamination between environmental samples. They are samples of volatile free ASTM 

Type I1 water (“distilled” water) that have been poured over or through decontaminated sampling 

equipment and subsequently handled in the same manner as environmental samples. 

Although rinsates are used specifically as indicators of cross-contamination during decontamination of 

equipment, they are carried through the entire sampling, shipping, and laboratory process and are; 

consequently, also good indicators of potential contamination introduced during any of these steps 

0 
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Table 2-2 
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs) 

Groundwater 1998 

I I 1 Date ~ Result 

I Real DUP RPD Sample , I Real ' Real Dup ' Result Dup Units Difference Average 
Real-Dup (Real+Dup)/Z 'z:, Analyte Result 1 Qual 1 Valid Result ~ Qual 1 Location 

I 

Water Quality Parameters 
11891 3/5/98 1 Nitrate/Nitrite 5 9  v1 507 mg/L 501 10 256 45 195.40 
12191 -__ 3/5/98 lNitrate/Niirite 6 2 1 1 6 J1 mg/L 0 20 6 10 328 
11891 3/5/98 krGs- L_ 480 l 1  4 60 mg/L 20 00 47000 426 
12191 3/5!98 ' T X I b  So&hd--+ 540 1 1  580 Vi mg/L 40 00 56000 7 14 

6 9  0 40 670 597 
78000 256 

0 26 my/L 0 00 026 000 

3 00 8950 335 
100 00 135000 741 

041 247 
0 12 000 

18500 541 
20 00 98000 204 
0 10 565  177 

51000 000 
30 00 

22 22 
22000 909 

~ 

N 1 mg/L 0 00 12000 000 

1 -- 

11891 5 7  
510 

-i i -  

25 L 

7 3  0 401 
)509 1 

2 2  

0 2 1  -- 0 2  

_ - V I L -  - -  3 4  
0-1 6 

31 
28'- --- 

- -  1887 

20 00 15000 1333 

5701 50 00 54500, 9 17 

- 
7 4  __  I 0 90 __ 7 85 11 46 

Note: RPD values greater than the 30% QC criterion ore indicated in bold font 
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0 

0 

1 Real Real 
Well 1 5 ~ ~ ~ ~ e  1 Anaiyte i Result 2Sigma Valid 

i I I 1 Qual 1 Error ~ Real I 
Table 2-2 

Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs) 
Groundwater 1998 

DUP Square Root 

Error 
2Sigma ! $L 1 Units 1 Result ::Il Difference Rwl-Dup (2sigR-l + DERDiffBqrl 

2sigDup) 

Radionuclides 

30 



DuP D i * e r ~ = ~  Square Root 
Real Dup 2Sigma zL Units Result Rw,-Dup (2sigReOI + DER DifWSqrRt 

1 Rea, Real ~ Real 

j Qual \ Error 1 Valid Result 1 :r:r 1 1 Qual 2sigIJup) 

Sample Well I Date 1 Analyte 1 Result , Result 12Sigma 

I 1 
~ 

Radionuclides 

Note: DER volues greoter tho" the 1.96 QC criterion are indicated in bold font. 
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Table 2-2 
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs) 

Groundwater 1998 

Lorotion 
puol Real Volld Dup Result Dut::y't Dup Volld Units RPD Dm'Aw 

Red-Dup (Rwl+Dup)/Z XlOO 
Rwl Result Anolyte Dote 

P 32 



Table 2-2 
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DEB) 

Groundwater 1998 

- 
I 

X l O O  Real-Dup (Rwl+Dup)/Z 
I I 

Dup Valid unitr 
~i*erence A V - ~ S ~  RPD D~W*VS 

Loratinion ~ sitr Analyte 

I 
Volatile Oraanic Comnounds 

Note: RPD values greater thon the 30% QC criterion ore indicated In bold font 
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Table 2-2 
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs) 

Groundwater 1998 

Dup Valid Units 
Difference Average RPD Diff./Avg 
Real-Dup (Rwl+Dup)/2 xl  00 

Real Valid Dup Result Dup Analyte Real Resuh Re:r Qual 
Location Sample 

Date 

Metals 
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Table 2-2 
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs) 

Groundwater 1998 

Note: RPD vulues greuter than the 30% QC criterion are indicated in bold font 
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Table 2-3 
Summary of RPD and DER Results 

Groundwater 1998 

Number of Number of Duplicates 

Calculated Criterion 

Overall Precision 
RPD/DER Pairs Within RPD or DER 

QC Criterion for 
Analytical Suite 

RPD or DER Value Compliance 

Metals less than 30% 114 105 92.1% 

Volatile Organic Compounds less than 30% 102 85 83.3% 

(Radionuclides less than 1.96 88 87 98.9% 

Water Quality Parameters less than 30% 48 47 97.9% 

Note: Calculations not made for results qualified as undetected for any analyte. This includes " R  validated data, "U" 
qualified VOC, data, and "U" and "B" qualified inorganic data. 
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Table 2-4 
Comparison of Analytical Methods and Detection Limits 

Groundwater 1998 

Percent at or 

Required CRDL 

Actual Analytical Required Below Units 1 Required Analytical 
CRDL Method Method CAS# Analyte 
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Table 2-4 
Comparison of Analytical Methods and Detection Limits 

Groundwater 1998 
, I I I I I I Required Analytical 1 

j Method I Method 

1 EPA 524.2 

! 
I 

Actual Analytical 
Analyte 

I 
156-60-5 trans-l,2-DichloroeJhene 1 EPA 524.2 
0061 -02-6 trans-l,3-Dichloropropene EPA 524.2 EPA 524.2 
79-01 -6 Trichlocozhene EPA 524.2 EPA 524.2 
75-69-4 Trichlorofluoromethane EPA 524.2 EPA 524.2 

EPA 524.2 EPA 524.2 75-01 -4 Vinyl Chloride 1 

Percent at or 
Required Be,ow 

CRDL Required CRDL 

1 99% ug/L 
1 100% ug/L 
1 9 6% ug/L 
1 98% ug/L 
1 100% ugh 

Radionuclides 

7429-90-5 Aluminum CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 17 I 100% 
CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 1 54% 

7440-38-2 Arsenic CLP-SOW-Dissolved CLP-SOW (Diss. &Total) 1 44% 
7440-36-0 Antimony 

100% j pCi/i Alpha Spec. (€PA A-001) 1 Alpho Spec. (€PA A-001) 1 0.03 
Alpha Spec. (EPA A-001) i Alpha Spec. (EPA A-001) ~ 0.03, 100% /.- , pCi/l __ 

Gas Flow (EPA 900.0) ~ Gas Flow (EPA 900So) I 1 I 100% I pCi/l - 

j Liquid S c i n t x A  A-002) ! Liquid Scint. (EPA A - 0 0 2 ! 0 0  1 100% pCi/l 
._.-A ~ ~ 

Alpha Spec. (EPAX-001) I Alpha-zpec. (EPAA-001)- 1 1 ~ 100% j pCi/l 
_f Alpha Spec. (EPAA-001) Alpha Spec. (EPAA-001) i 100% pci/\ 

~ Alpha Spec. (EPAA-001) ' ~ Alpha Spec. (EPAA-001) 100% ~ pCi/I 

1 14596-10-2/Americium-241 _ _ _ ~ - _ _  
10-1 2-8 /Plutonium-239/240 

ug/L 
ug/L 
ug/L 

Water Quality Parameters 

7440-39-3 Barium CLP-SOW-Dissolved CLP-SOW (Diss. &Total) 
CLP-SOW-Dissolved CLP-SOW (Diss. &Total) 7440-41 -7 Beryllium - 

7440-43-9 Cadmium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 
7440-70-2 Calcium 
m m i u m  1 

4- CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 
CLP-SOW-Dissolved CLPTOW (Diss. & Totgl) 

100 100% ug/L 
1 100% 

0.3 48% 
5000 100% 

r 
2 100%. ug/L 
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16984-48-8 _____ 
C-005 
10-33-3 

14808-79-8 

-. EPA 300.0 EPA300.0 i 
EPA 160.1 

Fluoride --- 
EPA 353.1 1 EPA 353.1 0.05 j 63% j mg/i Nitrate/Nitrite -4 ~ \ 10 I 100% EPA 160.1 1 ~ 

-+ - Total Dissolved Solids i ~~ 

63% ~ mg/l Sulfate as so4 i EPA 375.1, 300.0 5 ~ 



Table 2-5 
Rinsate QC Results with Detections 

Groundwater 1999 

591 COLWEL 
P209489 
P209489 
sw13494 

I I I I I I Validotiol 1 Tier 2 1 Result 1 Units 1 IDeted Limit Dilution 1 ' . 1 Qual. 
Analyte Location Sample Date Sample Number/ I 

8/20/98 ' GW06068TE Trichloroethene 5 0.5 ug/L J ' ~ 1 v1 
5/14/98 GW06005TE Chloromethane 2.32 0.7 ug/L J 1 v1 
5/14/98 GW06005TE Trichloroethene 5 0.7 ug/L J 1 v1 
8/19/98 I GW06067TE Methylene Chloride 5 0.5 ug/L J 1 J1 

I I I I , , 
Volatile Organic Compounds 

12/4/98 I GWO6194TE Thallium I 2 
5 

10498 8/12/98 GW06066TE Aluminum 106000 
-8/6/98 1 G%='/%nium ________ ___ 

2 ug/L N 0.15 1'  UJ1- 
2.6 ug/L N 0.05 J1 

39.3 ug/L ~ E 0.25 UJ 1 

Metals 

11891 1 6/11/9t- GW05942TE 'Alyninum 

*/?o/pB GW06068TE Aluminum - - 

11891 ~ 6/11/98 ' GW05942TE Zinc 

'209489 1 5/14/98 GW06005TE Aluminum 

1 1 /30/98 GW06189TE Thallium 

391 COLWEL , 8/20/98 GW06068TE Selenium 

106000 23 ug/L ' * A___-. UJ 1 

2 2.5 ug/L N 0.15 11 UJ1 
J1 

11000 22 ug/L E 0.1 !I 

. .__ 106000 77.7 ug/L E 0.25 
50 1 ug/L N 0.20 J1 

106000 42.7 ug/L E 0.25 JL 

I229 1 
1399 1 
1399 1 

] J1 '209489 I 5/14/98 1 GW06005TE /Lead 1 151 1.61 ug/i. I EN 1 0.05 1 
jW13494 1 8/19/98 , GW06067TE Aluminum 1 1060001 27.1 1 ug/L i E j 0.25 1 1 UJ1 

- ~ _ _  

12/4/95 GW06194TE Uranium-238 0.768 0.276 _ _ ~ ~ ~  pCi/L J 0.068 V 
8/6/98 GW05917TE Americium-241 0.145 0.014 pCi/L J 0.005 v1 

v1 -~ 8/6/98 GW059 1 7TE Uranium-238 0.768 0.172 pCi/L ' J 1 0.078 

Radionuclides 

11891 GW05805TE Plutonium-239/240 

I1891 ranium-233/234 
I1891 

~ 0.151 0.026 pCi/L J 0.01 5 
0.145 0.0101 pCi/L J 0.0031 V 

1.07 0.194 pCi/L J 0.066 v1 
7- 

12191 ' 4/28/98 1 GW05946TE 

12191 12/15/98 G-WO6140TE 

12191 4/28/98 GW05946TE 
12191 4/28/98 GW05946TE 

12191 12/15/98 GW06140TE 
12191 12/15/98 ' GW06140TE 

___________ 

______ - Plutonium-239/240 0.151 1 0.0093 pCi/L J 0.005 v1 

Uranium-238 0 . 7 6 d  0.1073 pCi/L J 0.0484 ~ ___ vi  
_ _ _ ~ ~  "1 Uranium-233/234 1.071 0.4115 pCi/L J 0.0484 

Americium-24 1 0.145 0.015 pCi/L J 0.014 v1 
Plutonium-239/240 0.151 0.004 pCi/L J 0.004 v1 
Uranium-238 0.768 0.073 pCi/L J 0.066 ____ VI-. 

_______ ~~ 

Yb 

3586 ~ 0.151 0.15 

1.07 0.1029 
1.07 0,1206 

3586 
3586 

1.07 0.163 
'209489 5/14/98 GW06005TE I Plutonium-239/240 0.151 0.0141 

70193 

' 0.145 0.0087 - .- 

701 93 

39 

pCi/L J 0.088 
pCi/L J 0.0037 l v  
pCi/L J 0.0309 ] V  
pCi/L J 0.0544 ' VI  
pCi/L 1 J 0.063 ~ V 

- 

~ ____ pCi/L 1 J ,0047 



Table 2-5 
Rinsate QC Results with Detections 

Groundwater 1999 

0 05 
10 
10 
10 
10 

1 0 0 5  

Validation 
~ Qual. Qual. 

Location ~ Sample Date /Sample Number/ Analyte Tier 2 Result Units Lab 1 Detect Limit1 Dilution 1 
v1 
V7 
v1 
v1 

5 v1 
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Other aspects of representativeness such as numbers of samples and spatial distribution are fixed in the 

IMP (K-H, 1998a). All wells that were required to be sampled were visited in 1998. Plate 1 presents the 

locations sampled for reference to the spatial distribution of the samples. 

Completeness 

Table 2-6 compares the actual number of samples collected in 1998 to the required number of samples. 

As a result of dry wells or wells with such low productivity as to prohibit sample collection, the 

completeness goal of 90% was not met for any of the analyte groups. 

Completeness is a quantitative measure of data quality expressed as the percentage of valid or acceptable 

data obtained from a measurement system. Table 2-7 summarizes the validation completeness evaluation. 

Detailed validation and verification data for all analytes and samples are provided in the 1998 quarterly 

reports (RMRS 1998a, 1998b, 1999a, and 1999b). A completeness metric was calculated using the 

following formula: 

Completeness = Dp, = DPt - DP, x 100 (in percent) The completeness criterion is 1 90% 
DPt 

Dp, = Percentage of usable data points 
DP, = Non-usable data points 
DP, = Total number of data points 

0 Where: 

Compara bi I i ty 

During 1998 planned analytical methods for VOCs, water quality parameters, and radionuclides remained 

consistent over the entire year (see below for metals). Table 2-4 lists the required methods for the various 

analytes. Laboratory analyses were performed according to standard CLP protocols and results should be 

comparable to data produced by similar methods. 

In the third quarter of 1998, sampling procedure was modified in order to reduce the amount of purge 

water generated at certain wells and also enhance the quality of the samples collected. Some wells with 

adequate recharge rates have had submersible pumps installed. Pump equipped wells allow for 

micropurging at the time of sampling. Micropurging, where pump discharge rates are set low to prevent 

an increase in turbidity, has several advantages. Less water is needed to purge the pump system 

compared to purging with a bailer, and there is less purge water to dispose of. Because the pump intake 

port is placed opposite the center of the screened interval in the well, collection of water entering the well 

bore directly from the aquifer minimizes the dilution of the formation water with stagnant well water. 

November, I999 41 



Table 2-6 
Comparison of Required and Actual Samples Collected 

Groundwater a998 

Required 
Number of 

Visits 
Sample Types 

Percent of 
Actual Samples 

Number of Samples Deviation Successfully 
Visits* Collected 

Actual 
Number of 

Collected 
(or Wells visited) 

;roundwater Wells (Visits) 

VOC'S 

Metals 

232 

232 

202 

232 NA 0 100.0 

232 200 -32 86.2 

202 151 -51 74.8 

Discrepancy 
Justification 

NA 

Dry or lnsw 

Radionuclides 

Does not reflect multiple visits to dry wells. 
Dry = Well did not recharge after purging. No samples collected. 
lnsw = Insufficient water to collect complete sample suite. 
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Finally, because of low pump discharge rates and consequent minimal mixing in the well bore, low 

turbidity samples may be collected without filtering. 
0 

The installation of submersible pumps and initiation of micropurging without sample filtering resulted in 

a change in analytical method for metals. Pump equipped wells are sampled and analyzed for total metals 

because no filter is used during sample collection. Analyses of this type correspond to line item code 

SS05B001 and analytical method CLP-SOW-Total. Bailed well samples are analyzed for dissolved 

metals using line item code SS05B007 and analytical method CLP-SOW-Dissolved. 

2.2 Discussion of Analyte Groups 

2.2.1 Metals 

Precision 

There were 184 real/duplicate pair samples within the 1495 real sample records in the data set for metals 

in 1998 (1 in 8.125). Ofthe 184 real/duplicate pairs there were 114 instances of detections in which a 

RPD could be calculated (Table 2-1). One hundred and five of the calculated RPDs were within the QC 

criterion of 30% (Table 2-2). With 92.1% of the RPDs meeting the QC criterion, precision for dissolved 

metal analysis is within the acceptable goal of 85%. 

The recommended frequency for duplicate samples is 1 in 20 on a per-well basis. In 1998, 14 of 202 wells 

sampled were analyzed for metals as real/duplicate pairs, a ratio of 1 in 14.2. Thus duplicate sample 

frequency was within the requirements on both a per-well and per-analysis basis. 

Accuracy 

All metal analyses were performed using contract-required methods during 1998. Contract- required 

methods stipulate the CLP-SOW method for analysis of dissolved metals. As shown on Table 2-4, 

analyses were run using this method for all samples. Additional analyses were run using CLP-SOW for 

total metals. The total metals analyses were run as necessary in support of various groundwater 

evaluations, and to analyze samples collected with dedicated pumps using the low-flow (micropurging) 

techniques described in Section 2.1. Based on the Table 2-4 summary, methods used during 1998 for 

analysis of metals meet or exceed the requirements of RF/RMRS-98-200, Evaluation ofData for 

Usability in Final Reports, August 1998.. 

Table 2-4 presents a summary of the comparison of required to actual detection limits for analyses of 

samples collected in 1998. Reported detection limits (RDLs) for nineteen metals were at or below 

CRDLs for 100 percent of the analyses performed. Eight analytes had RDLs for which some percentage 
0 
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of the analyses were above CRDLs. The analytes were, antimony with acceptable RDLs in 54% of the 

analyses, arsenic (44%), cadmium (48%), lead (66%), mercury (93%), selenium (45%), silver (55%), and 

thallium (59%). Discussion and data accuracy evaluations for specific samples and analyses are presented 

in the quarterly reports. 

Representativeness 

There were 434 rinsate records versus 4449 real sample records for metals in 1998 (1 in 10.25). Most 

metals rinsate results were either “U’ (non-detection) or “B” (detection was less than the CRDL but 

greater than the IDL) qualified indicating that in general no metals contamination was introduced during 

sampling and/or shipping activities. As shown on Table 2-5, metals were detected in 11 rinsate analyses. 

All but two analyses (thallium at Wells 02291 and 701 93) yielded results below Tier I1 limits. 

Completeness 

The Integrated Monitoring Plan (DOE, 1998) requires that samples be analyzed for metals in 98 wells. 

Sampling for metals was attempted in all the required wells during 1998 (Table 2-1). Eleven wells were 

dry or went dry during sampling; resulting in 5 1 metals samples that could not be collected. Of the 202 

metals sample events required by the IMP, 151 were successfully completed during 1998, a success rate 

of 74.8% (Table 2-6). The goal, which assumes adequate groundwater production from the monitoring 

wells, is at least 90% successfidly sampled. 

0 

Validation of metals results was performed on 14.2% (640 of 4,506 analyses), which is below the 25% 

criterion defined in the IMP. The verification rate of 69.9% (3,151 of 4,506 analyses) was also below the 

verification criterion of 75% (Table 2-7). A total of 71 5 metals analyses were neither validated nor 

verified. Of the analyses that were validated or verified, 87 were rejected (R-validated, or R1 -verified), 

and 3,704 analyses were judged to be acceptable and usable. Because of the relatively low number of 

rejected analyses, the 715 records not validated or verified are considered adequate for calculating the 

percentage of usable metals data. Consequently, the metals results were found to be acceptable for 

98.1% (4,419 or 4,506) of the analyses (Table 2-7). The assumption is made that the 715 records can be 

considered usable since the percentage of rejected data of 2.2%(87 of 3,791 analyses) is small. 

Comparability 

No changes were made to analytical procedures during 1998. Thus analyses from 1998 are comparable to 

previous analyses. 
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0 2.2.2 Radionuclides 

P re c i-s i o n 

The data set for dissolved radionuclides contains 396 duplicate records versus 677 real records (1 in 1.71). 

A DER could be calculated for 88 of the 396 duplicateheal pairs (Table 2-2). All but one of the DER 

values (U-238 in Well 10294 at 2.69pCfi) is below the 1.96 precision limit. As shown on Table 2-3, the 

precision metric was met in 98.9% of radionuclide duplicateh-ea1 samples. 

Accuracy 

All radionuclide analyses were performed using the proper contract required methods during 1998 (Table 

2-4). With respect to analytical methods, the 1998 results are accurate. 

Required detection limits for the 677 radionuclide analyses performed during 1998 were met in all cases 

(Table 2-4). As such, the accuracy of radionuclide analyses is good. 

Representativeness 

There were 84 rinsate records from radionuclide samples collected at 10 locations in 1998 (Table 2-5). 

Eighteen rinsate analyses yielded detectable values. All, however, were below Tier I1 Action Levels. 

Based on 79% of rinsate results being undetected, there is little indication of introduced contamination 

during sampling activities being a concern for 1998 radionuclide data. 

Completeness 

As shown on Table 2-6, 126 plutoniudamericium, 204 uranium isotope, 83 tritium, and 46 str0ntiump~,~0 

samples were to have been collected for analyses. All the required samples were collected or attempted. 

The success rate varied due to dry wells or wells that went dry during sampling. The percentages of 

successful sample collection were 65.1 % for Pu/Am, 71.1 % for U-isotopes, 65.1 % for tritium, and 37% 

for strontium 89/90. The goal is 90%, groundwater conditions permitting. 

Of 919 radionuclide analyses, 14.8% (136) were validated and 32.3% (297) were verified (Table 2-7). 

Both percentages are below the 25% validation and 75% verification criteria. Only one analysis (0.02%) 

of the 433 that were validated or verified was rejected. Data validation or verification was provided for 

47.1% of the radionuclide analyses. As shown on Table 2-7, 99.99% (918 of 919) of radionuclide 

analyses are usable. With the caveat that not all validation and verification data were provided, the 

radionuclide analyses are thought to be complete. 
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Comparability 

No changes were made to analytical procedures during 1998. Thus the radionuclide analyses presented 

here are assumed to be comparable to previous analyses. 

2.2.3 Volatile Organic Compounds 

Precision 

There were 1,540 duplicate records versus 11,964 real records for VOCs in 1998, representing a ratio of 1 

in 7.7 analyses. RPDs were calculated for the 102 duplicateh-ea1 pairs that had detections (Table 2-2). 

Eighty-five RPD values were less than the QC criterion of 30%, which equates to 83.3% meeting the QC 

criterion during 1998 (Table 2-3). As can be seen on Table 2-2, the majority of VOC RPD values above 

30% are for samples with concentration at or near CRDLs, where analytical precision is inherently low. 

Given that consideration, the analyses of VOCs for 1998 are adequately precise. 

Accuracy 

All VOC analyses performed in 1998 employed contract-required methods (Table 2-4). With respect to 

analytical methods, the results are accurate. 

As shown on Table 2-4, the majority of the 60 VOCs analyzed in 1998 met CRDLs. The range was 

between 96% and loo%, with an average of 98.7%. 

The higher than required CRDLs for some VOCs result from several wells that are known to contain 

significant concentrations of VOCs. The laboratories run dilution analyses for samples from those wells 

To protect instrumentation, the laboratories do not run Ix dilutions on the samples from wells having 

significant VOC contamination. CRDLs were not met for any of the VOC analytes from samples 

collected at those wells. Further discussion and additional data are provided in the quarterly reports 

(RMRS 1998a, 1998b, 1999a, and 1999b). 

Representativeness 

There were 1,099 rinsate records from 13 wells for VOCs in 1998. Ofthose records, 14 rinsate analyses 

contained VOCs at detectable concentrations (Table 2-5). Considering all rinsate analyses, 98.7% yielded 

non-detectable concentrations. As such, the VOC samples are judged to be representative. 

Completeness 

During 1998, the required 232 VOCs samples were collected or attempted (Table 2-6). Of those, 200 

samples were collected, yelding a success rate of 86.2%. Because dry well conditions precluded 

collection of 32 samples, the goal of 90.0% was not reached for VOCs in 1998. 
0 
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0 There were 14,659 VOC analyses performed in 1998. Ofthose, 5.0% of the analyses (726) were 

validated, and 59.9% (8,778) were verified (Table 2-7). Both percentages are below the 25% validation 

and 75% verification criteria. Ofthe 9,505 analyses for which validation or verification was performed, 

4.0% (378) were rejected and are considered unusable data. Overall, 97.4% of VOC analyses are usable, 

assuming that the 3,778 analyses that were not validated or verified are usable. 

Comparability 

As stated above, no changes were made to analytical procedures during 1998. Thus the VOC analyses 

presented here are assumed to be comparable to previous analyses. 

2.2.4 Water Quality Parameters 

Precision 

There were 50 duplicate sample records versus 427 real sample records for collected water quality 

parameters during 1998 (1 in 8.5). Forty-eight of the real/duplicate pairs could be used to calculate RPD 

values (Table 2-2). As shown on Table 2-3, 47 of the values (97.9%) were within the QC criterion of 

30%. The one RPD that was greater than the criterion was calculated for the real/duplicate pair for 

nitratehitrite at Well 1 1891. Review of the analytical data indicates that the sample had a concentration 

that was two orders of magnitude higher than historical concentrations at that well. Samples collected in 

quarters immediately before and after had concentrations that were comparable to historical 

concentrations. As such, the elevated concentration appears to be a single anomalous value. Overall, the 

data indicates good precision for water quality parameter analyses. 

Accuracy 

All water quality parameter analyses were performed using the proper contract required analytical 

methods in 1998 (Table 2-4). With respect to methods, the results for the first quarter are accurate. 

Analytical data indicate that the contract-required detection limits were met for all analyses of fluoride 

and total dissolved solids (TDS)(Table 2-4). The CRDL for nitratehitrite and sulfate (as SO,) were met 

in 63% of the analyses. 

Representativeness 

There were 37 equipment rinsate analyses for water quality parameters in 1998. Thirty-one ofthe 

analyses were non-detects. As shown on Table 2-5, two nitratehitrite rinsate analyses and four TDS 

analyses had detectable concentrations. Neither of the nitratehitrite concentrations were above Tier I1 0 
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Action Levels. The water quality parameter analyte group yielded non-detectable results in 83.4% of the 

rinsate analyses. No significant introduced contamination is indicated. 

Completeness 

As shown on Table 2-6, 186 nitratehitrite, 21 1 TDS, 125 sulfate, and 93 fluoride samples were-to have 

been collected for analysis. All of the required samples were collected or attempted to be collected. The 

success rate varied because of dry wells or wells that went dry during sampling. The percentages of 

successful sample collection were 79.6% for nitratehitrite, 70.1% for TDS, 56.8% sulfate, and 53.8% 

fluoride. The goal is 90%, groundwater conditions permitting. 

None of the 51 1 water quality parameter analyses performed in 1998, were validated. Verification was 

done on 74.4% (380) analyses (Table 2-7). As such, data validation or verification was provided for 

74.4% of the water quality parameter results. As shown on Table 2-7, all of the analyses were verified as 

usable. Given that there were no rejected data, and that the 13 1 unvalidated and unverified analyses are 

acceptable, 100% of the 1998 water quality parameter data are usable. 

Comparability 

As stated above no changes were made to analytical procedures during 1998. Thus the water quality 

parameter analyses presented here are assumed to be comparable to previous analyses. 

2.3 Data Summary for RFCA-Designated Wells Sampled in 1998 

2.3.1 Data Screening 

RFCA groundwater analytical data for 1998 were utilized for assessing compliance with RFCA well 

classifications as set forth in the data quality objectives section of the IMP. As most well catagories rely 

on Tier I or Tier I1 action level criteria to trigger further action, the Tier I1 action level criteria have been 

adopted for reducing the data set to a manageable size for presentation and discussion. Non-Tier I and 

Tier I1 action level based well categories, including D&D and RCRA monitoring well networks, are 

evaluated separately in Section 2.3.3 using an upgradient to downgradient groundwater quality 

comparison approach. Although performance monitoring wells do not employ Tier I or Tier I1 action 

levels for determining a course of action, these criteria were used to select contaminants for assessing 

trends consistent with the DQO requirements for t h s  well category. 
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Table 2-8 presents a summary of results for contaminants with concentrations greater than Tier I1 action 

levels. These values have been previously reported in the 1998 RFCA Quarterly Groundwater 

Monitoring Reports (RMRS, 1998a, 1998b, 1999a, 1999b). In total, seventy two RFCA-designated 

monitoring wells (excluding RCRA and D&D wells) had concentrations of one or more analytes above 

Tier I1 action levels, while 14 RFCA-designated wells yielded no results above Tier 11 action levels. 

Plates 4 through 6 are box plots that display the results of selected analytes (Le., radionuclides, VOCs, 

and water quality parameters) at monitoring wells that had at least one analyte above Tier I1 action levels. 

The wells with contaminant concentrations below Tier I1 action levels (excluding RCRA and D&D wells) 

are listed in Table 2-9. A listing of all analytical results from RFCA-designated wells are provided in the 

quarterly reports. 

Historical trends of contaminants of concern for selected Boundary, Drainage, Performance Monitoring, 

Plume Definition, and Plume Extent wells are shown in Figures 2-1 through 2-59. The contaminant trend 

plots for Boundary, Drainage, Plume Definition, and Plume Extent wells were chosen from organic 

compounds that exceeded Tier I and 11 action levels, and other analytes that exceeded both Tier I and 11 

action levels and background M2SD concentrations. Background values for inorganics and radionuclides 

were adopted from the 1993 Background Geochemical Characterization Report (DOE, 1993b) and the 

draft Background Comparison for Radionuclides in Groundwater (DOE, 1997a). Trend plots of 

contaminants found in Performance monitoring wells were generally chosen for the contaminants with the 

highest Tier 11 ratios. The following sections present a compilation of the data and information first 

provided in the quarterly reports. 

The decision rules that are described in general terms in Section 1.3 define the conditions under which 

values above action levels become “Reportable”. 

2.3.2 Values Above Tier I and Tier II Action Level Criteria 

2.3.2.1 Boundary Wells 

Six RFCA designated Boundary wells, 0386, 06491, 10294, 10394, 41591, and 41691, were sampled in 

1998. Only sulfate, detected in well 10294, was above the Tier 11 action level and the background M2SD 

benchmark. Although the values are reportable, concentrations have remained below historic M2SD, and 

trends have not been upward (Table 2-8 and Figure 2-1). 
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Table 2-8 1998 Groundwater Values Above Tier I I  Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells 
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MZSD RItio 
gmvnd Well CIU. 

A.bOveBkk Historic Historic Above Rerun Unit. P Tier11 TierIIRatio gmund 
gmund? MZSD Ratio Hist&? fell CIU. Lowtion Anrlyte 

I Date 
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Table 2-8 1998 Groundwater Values Above Tier II Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells 
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Table 2-8 1998 Groundwater Values Above Tier I I  Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells 

/ SW134941 11/2/98iUianomZ38 2 2 8 1 p c d ~  1 0 7 6 8 1  2971  4 1 8  0051 I No 1 Perf Mondormg I 
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Table 2-8 1998 Groundwater Values Above Tier II Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells 

I yes jplurne ~ e n t  
03991/ 816/98/Tetrachloroethene ~ 1100 ugil 1 ~ 51 2201 I 6.381 1.721 Yes 1 Yes /Plume Extent 
03991 / 816/98/Trichloroethene 600 ugil ~ 1 51 1.201 I 19.031 0.321 I NO /PlumeExtent 

41 00 51 8201 1 27.221 1.511 Yes 1 ugil D 1 03991 8/6/98 Carbon Tetrachloride 

I 22696 1 8/31/98 /Trichloroethene 5’  2w/ I I I I I / No lPlume Extent 

9/28/99 55 Table2-8.xls 



RFRMRS-99-XW. UN 
Draft 1998 Annual Groundwater Monitoring Repofi 
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8208789 11119198 Uraosm233R34 *--TO 70 pCdL B 1 07 10 00 607Tpp NO Plume Extent 

8208789 11119198 Uranium238 j 8 0 6 p C l R  B 0768 1049 418 019 No Plume Extent 

PI14389 6119198 Manganese 56800 uglL ~ - 183 3 10 162.33 350 Yes 663.52 0.86 No PlumeExtent 

No PlumeExtent ~ 

Yes Plume Extent P114389 -- 8/18/98 Manganese 71100 ugn 1 183 389 16233 438 YeS 

P218389 1120198 NitralelNnrne ~ 0 0 0 m g n  ~ 10 100 4664 2 14 Yes No Plume Extent 

PZ18389 6116198 Uianlum-233/234 198 P C ~ L  i : 1.07 i 85 60.7 003 No P lum Extent 
P218389 6/16/98 Uranlum-238 No Plume Extent 

No PlumeExteot 

No PlumeExteot P219489 6110198/Uranom-233/234 _________ 
P219489 6110198'Vran~um-238 ' 388pCdL ~ I 0768 505 418 009 No PlumeExtent 

' PZ19489 1113196~MelhyleneChlorlde ~ 600 U@l. t2' 5 120  NO Plume Extent 

- 
__ 

66352 0.83 

66352 107 Yes 
I P114389 7/21/98 Manganese 54900 "[YL 183 3 0 0  162.33 338 Yes 

~~~ 
_____ 

38 111  Ye* 4664 901 Yes i P219489 1/7198INRraIelNLnle 

_______________ 

4 

4 

j P219489, l l~I98/N~rale/Ni t rRe 1 4700 m[YL 1 10 470 4664 1008 

1 P314289 7121198 Manganese i 33000 ugn 1 $83 i 80 16233 2M 

I P314289/ 7121198 Nlckel 1 14000 ugn  1 , 1Wi 140 2137 6 5 5  

Yes 38 124 Yes No Plume Extent 
Yes Yes Plume Extent ~-~~ 
Yes I Ye* Plume Extent 
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PLUME DEFINITION 

Table 2- 9. RFCA-Designated Wells with No Analytes 
Above Tier II Action Levels 

00397‘ 

02197’ 

22596 

22996 

3386 

43392 

4787’ 

4887 

61 86 

76992 

~~~ 

Well Number IMP Well Class 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

001 97’ 

P313589 

PLUME EXTENT 1 

PLUME EXTENT 

P209289’ 1 PLUME DEFINITION 

Indicates well was dry throughout 1998 

The uranium isotopes U-233/234, U-235, and U-238 were detected above Tier I1 action levels in all six 

Boundary wells. All of the uranium isotope analytical results were below the background M2SD 

benchmarks, and are not considered reportable values. Monthly confirmation sampling for tritium at well 

10394, initiated in 1998 as a result of an above Tier I1 action level result (1,130 pCi/L) reported for the 

November 25, 1997, sampling event; failed to confirm the presence of tritium in this well at above Tier I1 

action levels (Figure 2-2). It is, therefore, concluded that the tritium exceedance was a spurious analytical 

result. 
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2.3.2.2 Drainage Wells 
, 

Five Drainage wells, 6486,6586,5587,38591, and 00997, were sampled in 1998. Nickel was reported 

above the Tier I1 action level, background M2SD, and historic M2SD for samples collected from wells 

6486 and 6586 (Table 2-8). Figures 2-3 and 2-4 show an increasing trend for nickel in wells 6486 and 

6586 beginning in the third quarter 1996 and continuing through 1998. As such, nickel in these wells 

represent reportable values. 

According to the IMP, an evaluation of surface water impacts is required at this stage of the process, 

although the reason for a nickel exceedance at these wells has not been ascertained. At these 

concentrations, nickel is not known to be a widespread contaminant. The localized nature of nickel at 

these wells suggest that the high nickel concentrations may be caused by sampling artifacts related to the 

stadess steel composition of the well casing, changes in sampling procedures, and/or the well 

geochemical environment. Well sampling techniques at these wells have changed over the past few 

years, so sampling artifacts caused by changes in purging or sampling technique may explain the high 

concentrations. Corrosion of well screen (3 16 stainless steel) and centralizer (304 stainless steel) 

materials may also be a factor given the fourteen year old age of the wells. 

In FY2000, an evaluation of nickel concentrations at wells 6486 and 6586 will be undertaken, including a 

reexamination of sampling procedures and a downhole television camera survey of well casing and screen 

conditions to check for corrosion. In addition, a paired PVC Geoprobe well will be installed next to each 

well and sampled for metals to confirm the presence or absence of nickel in groundwater at these 

locations. Reproduceable nickel detections above the Tier I1 action level and historic M2SD 

concentration at the proposed new well points Will then cause the initiation of a surface water impact 

evaluation developed to investigate the extent of nickel contamination and determine whether nickel 

represents a potential threat to the surface water quality of Woman Creek. Until the sampling artifact 

evaluation is completed, these wells will be sampled as part of routine sampling operations. 

0 

The uranium isotopes U-233/234 and U-238 were detected above Tier I1 action levels in four Drainage 

wells, 00997,38591, 6486, and 6586. All ofthe uranium results were below the background benchmarks 

and, as such, are not reportable values. 

2.3.2.3 Performance Monitoring Wells 

Performance monitoring wells monitor the effect of a remedial action or source removal on downgradient 

groundwater quality. As such, contaminant trends over time are the basis for determining reportable 

values. In considering results for Performance monitoring wells, Tier I1 action levels and background 

0 
/ 
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benchmarks are applied only to determine which analytes are to be monitored using trend charts. 0 
Eighteen Performance monitoring wells, including four special groundwater monitoring stations 

associated with the French Drain (COLWELL and COLGAL), Mound (SW059), and B881 footing drain 

(SW13494), were sampled in 1998. The wells have been grouped by project to facilitate an interpretation 

of the results. 

Mound 

Wells 00897 and 02291 monitor downgradient groundwater quality along the proximal and medial 

portions of the Mound plume-near the site of the former Mound source remediation project. From Table 

2-8, the contaminants primarily associated with these wells are PCE, TCE, and possibly methylene 

chloride. The uranium isotopes U-233/234 and U-238 were detected at above Tier I1 action levels but 

below background levels, thus the values do not qualify as reportable results. 

Figures 2-5 through 2-7 illustrate the concentration trends of PCE, TCE, and methylene chloride for well 

00897 and Figure 2-8 illustrates the PCE concentration trend in well 0229 1. There was an insufficient 

number of values to plot methylene chloride for well 00887. Due to the short monitoring period since 

well 00897 was installed, there is currently an insufficient amount of data to evaluate the trend of PCE 

and TCE in th s  well. Some seasonality may be evident in the data with contaminants attaining peak 

concentrations during the spring months. PCE and TCE in well 02291 indicate erratic, but generally 

upward, trends that began well before the initiation of source removal activities in 1997. It is expected 

that the upward trend of these contaminants will eventually reverse and decline as the effects of the 

Mound source removal are manifested in source area groundwater. Tentatively, the high methylene 

chloride value (12,000 p a )  reported for well 00897 is attributed to laboratory contamination that was 

magnified by dilutions (2,500~) necessary to quantify TCE. 

Trench T-3 

Wells 11891 and 12191 monitor downgradient groundwater quality associated with the Trench T-3 source 

remediation project. From Table 2-8, the contaminants primarily associated with these wells are PCE and 

carbon tetrachloride, with lesser concentrations of TCE. 1,l -Dichloroethene was detected once above the 

Tier I1 action level concentration in well 12 191, but at a relatively low concentration (7 pglL) compared 

to the other VOC contaminants. The uranium isotopes U-233/234 and U-238 were detected at above Tier 

I1 action levels but below background levels, thus the values are not considered to be reportable. 

For assessing concentration trends, only the major contaminants, PCE and carbon tetrachloride, were 

selected for trend plotting, as these contaminants are expected to adequately monitor groundwater quality 
0 
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conditions in the vicinity of the trench. The 1998 carbon tetrachloride and PCE results for wells 11891 

and 12191, shown in Figures 2-9 through 2-12, are consistent with the historical concentrations of these 

contaminants, with the possible exception of fourth quarter 1998 PCE in well 11 891. Concentration 

trends for these contaminants are essentially flat and unchanged over time. The significance of the fourth 

quarter 1998 spike in PCE concentration in well 11891 will be assessed with subsequent data collected 

during routine groundwater sampling in 1999. 

Trench T-4 

The potential impact of the Trench T-4 source remediation project on alleviating groundwater 

contamination is monitored by downgradient Performance monitoring wells 3687,05691, and 12691. 

Volatile organic groundwater contamination in well 3687, ranked by Tier I1 ratios, consists principally of 

TCE, PCE, and carbon tetrachloride, with lower Tier I1 ratios of 1, I-dichloroethene, chloroform, and 

possibly methylene chloride. TCE concentrations consistently exceed Tier I action levels, while PCE and 

carbon tetrachloride each exhbit single instances of Tier I exceedances. Wells 05691 and 12691 contain 

basically the same suite of major organic contaminant as well 3687, though in lower concentrations and 

different proportions. However, detectable concentrations of 1 , 1 -dichloroethene and chloroform above 

Tier I1 action levels were not found in either well. A single detection of cis-1,2-dichloroethene was 

reported for well 12691 at the Tier I1 action level of 70 p a .  The uranium isotopes U-233/234 and U- 

238 were detected at above Tier I1 action levels but below background levels in all three wells, thus the 

values are not considered to be reportable. 

Based mainly on Tier I1 ratio rank, trend plots, shown in Figures 2-13 through 2-18, were prepared to 

evaluate historical groundwater concentration trends at Trench T-4: wells 3687 and 05691 (TCE and 

carbon tetrachloride), and well 12691 (PCE and carbon tetrachloride). In all plots, the contaminant 

concentration trends are either flat or slightly declining. Moderate increases in TCE and carbon 

tetrachloride concentrations are apparent in the fourth quarter 1998 at well 3687, but the presence of 

similar, possibly seasonal, peaks in both plots suggest that the up turn may only represent a short-term 

transient effect that is controlled by local hydrologic conditions. The significance of the fourth quarter 

1998 splke in TCE and carbon tetrachloride concentrations in well 3687 will be assessed with subsequent 

data collected during routine groundwater sampling in 1999 

French Drain 

Performance monitoring wells assigned to the French Drain include downgradient wells 10592, 10692, 

10792, 10992, and 11092; the 881 Hdlside collection well, 891COLwEL; and the 881 Hillside collection 

gallery, 891COLGAL. Except for single occurrences of methylene chloride in wells 10592 and 11092, 
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VOCs characteristic of the 8 8 1 Hillside groundwater plume (IHSS 1 19. l), as indicated by the 

contaminants present in 89 1 COLWEL, were not detected above Tier I1 action level concentrations in any 

of the Performance monitoring wells positioned downgradient of the French Drain. VOC contamination 

above Tier I1 action levels in 891COLWEL consists mainly of TCE with lower concentrations of PCE, 

carbon tetrachloride, and possibly methylene chloride. No VOC contamination above Tier I1 action levels 

was detected in 891COLGAL. 

Selenium was detected above Tier I1 action levels and background M2SD in wells 10592, 10792, and 

10992, with the highest concentrations reported for well 10992 located directly downgradient of the 881 

Hillside plume. An above Tier I1 action level and background M2SD concentration of nitratehitrite, an 

historical 88 1 Hillside plume contaminant, was detected in only one well, 10992 (nitratehitrite is 

currently not monitored at 891COLWEL and 891COLGAL). 89lCOLGAL, which comprises all 

groundwater discharged from the French Drain, contained no detectable VOCs or selenium 

concentrations above Tier I1 action levels during 1998. Uranium isotopes U-233/234 and U-238 were 

detected at above Tier I1 action levels but below background M2SD levels in all locations except well 

1 1092 (no detections above Tier I1 action levels). thus the values are not considered to be reportable. 
, l  

As shown in Figures 2-19 through 2-25, trend plots of representative above Tier 11 action leiel 

contaminants were constructed for wells 10592 and 10792 (selenium), 10992 (selenium and 

nitratehitrite), and 89 1 COLWEL (TCE, PCE, and selenium). Selenium concentrations are historically 

highest in 891COLWEL located in the center of the 881 Hillside plume. Concentrations in this well rose 

from about 200 pg/L in 1992 to over 800 pg/L in late 1995 and early 1996, and have steadily fallen back 

to about 500 pg/L in 1998. When viewed over the long-term, selenium trends in 89 1 COLWEL have 

remained relatively flat or have slightly increased. Similar trends for TCE and PCE are observed in 

89lCOLWEL, though peak concentrations were attained about one year earlier than for selenium. The 

selenium trend in well 10592 has steadily declined since concentrations peaked in late 1995 or early 1996, 

but, over the long term, has returned to concentration levels initially measured in 1993. Selenium trends 

in well 10992 show a similar decline, while the trend in well 10792 is essentially flat. Nitrate/nitrite in 

well 10992 also shows a flat to declining trend. Considered collectively, the downgradient well data 

indicate that contaminants associated with the 8 8 1 Hillside plume are not migrating downgradient of the 

French Drain, and are, therefore, not reportable. 

Ryan’s Pit 

0 One well, 07391, is designated as a Ryan’s Pit plume Performance monitoring well. This well contains 

some of the highest VOC concentrations ever detected in groundwater at WETS. TCE is the primary 
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VOC con&minant, with concentrations attaining a maximum value of 160,000 pg/L during 1998. Other 

VOCs detected above Tier I1 action level concentrations include PCE, l,l,l-trichloroethane, chloroform, 

and methylene chloride; the latter two contaminants having a questionable presence because both were 

consistently detected in laboratory blank samples (“B” qualifier). Nitratehitrite was detected once above 

Tier I1 action levels and background M2SD concentrations, but below historic M2SD concentrations. It 

is, therefore, not considered to be a reportable occurrence. U-233/234, U-235, and U-238 were all 

detected at least once above Tier I1 action levels, with U-238 occurring above background M2SD and 

historic M2SD activity-concentrations. 

Figures 2-26 and 2-27 show that high TCE and PCE concentration conditions persisted throughout 1998. 

The single instances of above historic M2SD levels reported for each contaminant in the third quarter 

1998 are apparently seasonal peaks that are related to major recharge events. In general, TCE and PCE 

trends do not appear to be increasing, although further monitoring will be required to confirm the 

presence or absence of an upward trend, especially for PCE. Consequently, the values are not considered 

to be reportable at this time. In comparison, U-23 8 activity-concentrations consistently increased during 

1998 forming a distinct upward trend above historic M2SD concentrations (Figure 2-28). The 

combination of abnormally high U-23 8 activity-concentrations and an upward trend direction represents a 

reportable occurrence for this analyte. An evaluation to assess the extent of the problem will be initiated 

during FY2000. 

Building 881 Footing Drain Sump 

Potential contamination associated with the Building 88 1 footing drain sump is monitored directly at 

SW13494 and indirectly by wells 00797 and 5387 (a Plume Extent well). During 1998, organic 

contamination at SW 13494 was distinguished by PCE concentrations that consistently exceeded Tier I1 

action levels, and by a single, suspect methylene chloride value (“B” qualified). VOCs were not detected 

at downgradient well 00797; however, sulfate was detected above Tier I1 action levels and background 

M2SD. Uranium isotopes U-233/234 and U-238 were detected at above Tier I1 action levels but below 

background M2SD levels at both locations, thus the values are not considered to be reportable. 

Figure 2-29 indicates that PCE concentrations may be increasing at SW13494, although additional data 

will be required to confirm the upward trend. The significance of this apparent increase will be assessed 

in future quarterly reports for data collected during 1999. Sulfate in well 00797 was detected at the same 

concentration (440 mg/L) as last year, but with a sulfate data record consisting of only two values, a trend 

plot was not constructed for ths  analyte 0 
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2.3.2.4 Plume Definition Wells 

Seventeen Plume Definition wells were monitored during 1998 for the 903 PadRyan's Pit, PU&D Yard, 

881 Hillside, IHSS 118.1, and Industrial Area groundwater plumes (Plate 10). As reported in Table 2-8, 

fifteen of these wells contained at least one or more contaminants that exceeded Tier I1 action levels, but 

only well 22896 contained values exceeding Tier I action levels (Tier I1 ratio greater than or equal to 

100). Well 22896 was reclassified as a Plume Definition well in 1998 after unexpectedly high TCE 

concentrations associated with the Industrial Area VOC plume were detected in 1996 and 1997. This 

discovery lead to an evaluation, presented in Section 4.1 of this report, of potential impacts to surface 

water along the northern boundary of the IA VOC plume. TCE concentrations in well 22896 

(Figure 2-30) constitute reportable values and prompted an evaluation because this is a new well with no 

historic baseline. 

2.3.2.5 Plume Extent Wells 

East Trenches Plume 

The East Trenches Plume is monitored by nine Plume Extent wells, including wells 0399 1, 0409 1 , 045 9 1, 

04991, 05091, 06091, 08091, 10194, and 23296. A tenth well, 75992, is located near South Walnut 

Creek between the known boundaries of the East Trenches and Mound plumes, and is employed to 

monitor contamination that may originate from either plume. As shown in Plate 10, these wells are 

located along the outermost edge of the East Trenches plume to monitor plume movement and spreading 

away from potential source areas, such as Trench T-3, Trench T-4, and the northeast lobe of the 903 Pad 

VOC plume. VOCs represent the primary constituents of the East Trenches plume. 

0 

In previous years, above Tier I1 action level concentrations of TCE in well 23296 and carbon tetrachloride 

in well 0609 1 have triggered monthly confirmation sampling investigations that have verified the 

presence and concentration of above Tier 11 contamination in both of these wells. The Site initiated 

hrther hydrogeologic and surface water evaluations (DOE, 1998) in 1997 at both locations resulting in 

the design and installation of a groundwater intercept and treatment system along the upper B-series 

ponds (Section 6.3 of t h s  report). VOC contamination above Tier I1 action level concentrations was not 

detected in any of the three new monitoring wells (02697, 02797, and 02897) installed in the 

paleochannel downgradient of well 06091, and routine monitoring was resumed at this location (DOE, 

1998). 

VOC concentrations exceeding Tier I1 action levels were detected in wells 03991 (carbon tetrachloride, 

PCE, and TCE); 0499 1 (methylene chloride and TCE); 0609 1 (carbon tetrachloride and methylene 
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chloride); 23296 (TCE, cis-l,2-dichloroethene, PCE, and carbon tetrachloride); and 75992 (methylene 

chloride). Non-radioactive inorganic constituents were not generally detected above Tier I1 action level 

concentrations in the East Trenches Plume Extent wells, although isolated instances of nitratehitrite in 

well 06091, selenium in well 10994, and manganese in well 23296 were reported during the year. The 

uranium isotopes U-233/234 and U-238 were detected at above Tier I1 action levels but below 

background levels in all three wells, thus the values are not considered to be reportable. Llkewise, 

strontiUm-89/90 was detected in well 75992 above the Tier I1 action level, but below background M2SD 

activity-concentrations, and is therefore not a reportable value. 

Trend plots for carbon tetrachloride (Figure 2-3 l), PCE (Figure 2-32), and TCE (Figure 2-33) in well 

03991 indicate step-like increases in concentration that are probably triggered by major recharge events. 

For carbon tetrachloride and PCE, concentrations peaked above historic M2SD levels immediately 

following the spring of 1998 and declined to below historic M2SD concentrations in subsequent sample 

periods. The net upward trend of these contaminants, as shown by successively higher “steps” in 

concentration, infer that the East Trenches plume is slowly moving eastward along the buried 

paleochannel away from source areas. Plume advancement may also be evident at well 04991 (Figure 

2-34), located near the southeast boundary of the East Trenches plume, which experienced a sharp rise in 

TCE concentration (5 pg/L) to the Tier I1 action level and above historic M2SD concentrations. 

Conversely, the upward trend in carbon tetrachloride concentration at nearby well 0609 1, observed during 

1996 and 1997, has since leveled off to within the 5 to 6 pg/L range, indicating that plume concentrations 

in this part of the paleochannel have, at least temporarily, reached an equilibrium condition. Methylene 

chloride in well 04991 (Figure 2-35) rose above the Tier I1 action level in 1998, but did not exceed 

historic M2SD concentrations and is considered to be reportable. In well 06091, monthly confirmation 

0 

monitoring for methylene chloride (Figure 2-36), together with PCE (Figure 2-37), was initiated in 1999. 

Monthly confirmation sampling was also initiated in 1999 for nitratehitrite (Figure 2-38) in well 06091 

and manganese (Figure 2-39) in well 23296. The exceedance values for these wells have been reported in 

previous quarterly reports. 

Wells 03991 and 06091 are located approximately 600 and 200 feet, respectively, from an unnamed, 

deeply incised gully that receives alluvial seep flow at the terminus of the paleochannel. Groundwater 

sampling at 04091 in 1998 and 02697 in 1997 failed to detect VOC contamination, thus suggesting that 

the leading edge of the plume is limited to the vicinity of wells 03991 and 06091. The significance of the 

Tier I1 action level TCE detections at well 04991 will be assessed after more data is collected in 1999. 

0 
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Solar Evaporation Ponds 0 
Plume Extent wells 1386, 1786,3386,3586, B208289, B208789, P218389, and P219489 are utilized for 

monitoring groundwater contamination associated with the Solar Ponds Plume (SPP). The wells are 

located at the edge of the SPP nitrate plume, which primarily extends north from the Solar Ponds to North 

Walnut Creek, with additional minor pathways to the east and south toward South Walnut Creek 

(Plate 7). Nitrate and uranium are the principal contaminants associated with the SPP. 

VOCs concentrations exceeding Tier I1 action levels were detected in wells 1786 (TCE), 3586 (vinyl 

chloride), and P2 19489 (methylene chloride). Above Tier I1 action level concentrations of nitratehitrite 

were found in wells 1786, B208289, P218389, and P219489, all located to the north and east ofthe Solar 

Ponds. Metal concentrations above Tier I1 action levels were detected in wells 1386 (nickel), 1786 

(selenium), 3586 (manganese), B208289 (selenium), and B208789 (manganese). The uranium isotopes 

U-233/234, U-235, and U-238 were detected at above Tier I1 action levels in various wells, but below 

background M2SD levels at all locations, and are thus not considered to be reportable. 

TCE concentrations at well 1786, shown in Figure 2-40, have historically fluctuated at or below the Tier 

I1 action level of 5 pg/L. Based on previous fluctuations, it is suspected that the 6 pg/L TCE detection 

listed in Table 2-8 represents a temporary condition rather than an significant upward trend in 

concentration. Routine monitoring for VOCs will continue at this well during 1999 unless further 

increases in TCE concentration require the initiation of monthly confirmation sampling. Vinyl chloride 

concentrations at well 3586 (Figure 2-41) have fallen considerably since peaking at over 900 pg/L in 

1989. The source of vinyl chloride in well 3586 is attributable to the Mound plume; SPP contaminants 

such as nitrate and uranium do not appear to be problematical in this well. In 1998, vinyl chloride 

continued a downward trend, thus eliminating it as a reportable contaminant. Methylene chloride was 

detected only once above the Tier I1 action level in well P2 19489 (Figure 2-42). The “B” qualifier 

associated with this value indicates that it is potentially caused by a laboratory artifact rather than an 

actual increase in groundwater contamination at t h s  location. 

0 

The concentration of nitratehitrite in wells 1786 (Figure 2-43), B208289 (Figure 2-44), P218389 

(Figure 2-45), and P219489 (Figure 2-46) has generally remained within their respective hstoric M2SD 

ranges. None of the 1998 nitratehitrite concentrations in these wells exceeded the historic M2SD 

concentrations and are, therefore, not reportable. 

Nickel concentrations in well 1386 (Figure 2-47) detected during 1998, including values reported for the 

monthly confirmation samples, remained well above Tier I1 action level and historic M2SD levels. 

According to the IMP, an evaluation of surface water impacts is required at this stage of the process: 
0 
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nickel is not known to be a widespread SPP contaminant, as distinguished by the historical absence of 

high nickel values in other SPP wells, especially those wells located within the main body of the SPP. 

The lack of characteristic SPP contaminants, especially nitrate, further clouds the issue. The localized 

nature of nickel at well 1386, like that found at wells 6486 and 6586, suggests that the high nickel 

concentrations measured in this well may be caused by sampling artifacts related to the stainless steel 

composition of the well casing, changes in sampling procedures, and the well geochemical environment. 

In FY2000, an evaluation of nickel concentrations at well 1386 will be undertaken, including a 

reexamination of sampling procedures and a downhole television camera survey of well casing and screen 

conditions to check for corrosion. In addition, a paired PVC Geoprobe well will be installed next to well 

1386 and sampled for metals to confirm the presence or absence of nickel in groundwater at these 

locations. Reproduceable nickel detections above the Tier I1 action level and historic M2SD 

concentration at the proposed new well point will then cause the initiation of a surface water impact 

evaluation developed to investigate the extent of nickel contamination and determine whether nickel 

represents a potential threat to the surface water quality of North Walnut Creek. 

Selenium is a minor component of the SPP that is often associated with elevated nitratehitrite 

concentrations. The selenium concentrations in well 1786 (Figure 2-48) have trended gradually upward 

until dropping below historic M2SD concentrations in 1998. Selenium in Well B208289 was detected 

above the Tier I1 action level and background M2SD. Because of an insufficient number of values, the 

historic M2SD contamination is not known, and it was not possible to prepare a trend plot for selenium 

for this well. Routine monitoring for selenium will continue in this well until a trend direction can be 

established and evaluated. While selenium has exceeded Tier I1 action level and historic M2SD 

concentrations in previous years, it is currently not a reportable contaminant for these two wells based on 

the concentration levels detected in 1998. 

In 1998, manganese concentrations detected in well 3586 (Figure 2-49) were below the historic M2SD 

and are not considered to be reportable. The manganese concentrations in well B208789 (Figure 2-50) 

were above the Tier I1 action level, and reached the historic M2SD concentration of 624 pg/L in the 

fourth quarter, 1998. Monthly confirmation sampling at this well was started in November 1998 and 

continued through January 1999. The well B208789 manganese trend plot shows a pronounced steady 

increase in concentration through 1998, after which the concentration drops to below the Tier I1 action 

level concentration in the confirmation samples. The reason for this response is unclear, but does not 

appear to be related to sampling technique. Routine monitoring will be continued at both wells. 0 
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Industrial Area VOC Plume (including IHSS 118.1) 0 
Thirteen Plume Extent wells - 1986,2186,6186,7086, P313589, P314289, P416689,43392,10994, 

22596, 22696, 22796 and 00197 - are utilized for monitoring groundwater contamination associated with 

the Industrial Area VOC plume, including MSS 118.1, a distinctive source of IA VOC contamination. 

Wells 7086 and 10994 also monitor potential groundwater contamination originating from the Old 

Landfill located on the hillside below the 400 area building complex north of Woman Creek. As shown 

on Plate 10, the IA VOC plume spans the middle of the IA in a north-northeast orientation that migrates 

toward both Woman and North Walnut Creeks. TCE, PCE, and carbon tetrachloride are the primary 

VOC contaminants; the distribution of which tend to be source-specific and non-uniform. There are no 

known inorganic or radiological groundwater plumes that coincide with VOC contaminated areas within 

the IA VOC plume. 

Monitoring wells located along the south and east perimeter of the IA VOC plume include 6 186, 7086, 

P313589, P314289, P416689,43392, 10994, and 00197. No VOCs or water qualityparameters above 

Tier I1 action levels were detected in any of these wells during 1998. Metals detections above Tier I1 

action levels in these wells consisted of manganese (wells 7086 and P314289), nickel (well P3 14289), 

and selenium (well 10994). The uranium isotopes U-233/234 and U-238 were detected at above Tier I1 

action levels in wells 7086, and 10994, but below background M2SD levels at all locations, and are thus 

not considered to be reportable. 

0 

Monitoring wells located along the north perimeter of the IA VOC plume include 1986, 2 186, 22596, 

22696, and 22796. VOC detections above Tier I1 action levels in these wells consisted entirely of TCE in 

wells 1986, 22696, and 22796. Wells 1986 and 22796 also contained consistently high manganese 

detections, including a single value above the historic M2SD concentration in well 1986. Selenium above 

the Tier I1 action level and background M2SD was found in well 10994, but not above historic M2SD 

concentrations. No water quality parameters were detected above Tier I1 action levels in any of the north 

IA Plume Extent wells. The uranium isotopes U-233/234 and U-238 were detected at above Tier I1 action 

levels in wells 1986, 2186, and 22796, but below background M2SD levels at all locations, and are thus 

not considered to be reportable. 

The TCE value reported for well 1986 appears to be a spurious result based on the recent below Tier I1 

action level history of this compound presented in Figure 2-5 1. Considering the fact that previous TCE 

values in this well have exceeded the upper hstoric M2SD concentration, the well was kept on a routine 

monitoring schedule for VOCs rather than initiating a monthly sampling program (RMRS, 1999b). TCE 

concentrations in wells 22696 and 22796 are presented in Figures 2-52 and 2-53. The TCE 

concentrations in well 22696, after rising sharply above the Tier I1 action level in the third quarter of 
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1998, have fallen to the Tier I1 action level in a subsequent sample. A declining trend in TCE 0 
concentrations is apparent in well 22796. Manganese concentrations in wells 1986, 7086, P314289, and 

22796, except for a single value in well 1986 (second quarter of 1998), were below historic M2SD 

concentrations, and are not considered to be reportable values. Trend plots of manganese concentrations 

for wells 1986, 7086, and 22796 (Figures 2-54 through 2-56) confirm that the 1998 detections, including 

the above historic M2SD value in well 1986, do not represent significant increases in concentration over 

previous monitoring periods. In the case of well P3 14289, an insufficient number of data points (three) 

precluded the construction of a manganese trend plot. The same situation exists for nickel at well 

P3 14289. Selenium concentrations presented in well 10994 (Figure 2-57) tend to fluctuate about the 

mean and show no evidence of an increasing trend. 

903 Pad/Ryan’s Pit VOC Plume 

Migration of the 903 Pad/Ryan’s Pit VOC plume toward Woman Creek is monitored by Plume Extent 

wells 23096 and 23 196. Plate 10 illustrates the location of these wells in relationship to the distal end of 

the plume and creek. The plume is mainly composed carbon tetrachloride from the 903 Pad area and 

TCE from Ryan’s Pit. A more complete listing of individual 903 Pad and Ryan’s Pit plume contaminants 

is provided in the discussion of Performance Monitoring and Plume Definition wells presented above. 

No VOC or metals contaminants above Tier I1 action levels were detected in wells 23096 and 23196 

during 1998. Nitratehitrite was detected once above the Tier I1 action level and background M2SD in 

well 23196. No other water quality parameters were detected above Tier I1 action levels in these wells. 

The uranium isotopes U-233/234 and U-238 were detected at above Tier I1 action levels in well 23096, 

but below background M2SD levels, and thus do not qualify as reportable values. 

Nitratehitrite in well 23 196 was detected just above the Tier I1 action level at 10.2 pgL. Monthly 

confirmation sampling was initiated in September 1998 and completed in November 1998, with the well 

being dry during the latter two months. The September 1998 nitratehitrite concentration was detected 

below the Tier I1 action level. ms contaminant was absent above the Tier I1 action level in all 903 

Pad/Ryan’s Pit Plume Definition wells, including upgradient well 0049 1. Nitratehitrite was detected 

once above the Tier I1 action level in Performance monitoring well 07391, but the crossgradient position 

of this well relative to well 23 196 and the absence of VOC contamination in well 23 196 makes it highly 

unlikely that any hydrologic relationship exists between the two wells. Well 23 196 was returned to a 

routine sampling schedule following the conclusion of monthly sampling. 
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PU&D Yard Plume 0 
Plume Extent wells P114389, 76992, 00397, and 02197 are utilized for monitoring VOC contamination 

associated with the PU&D Yard, which forms an elongate plume south of the Present Sanitary Landfill 

that extends from the PU&D Yard on the west to well 02 197 on the east. The primary plume 

contaminants consist of PCE, TCE, and 1,1, I-trichloroethane. Further discussion of PU&D Yard plume 

contamination is provided in Section 4.2 of this report. 

The only constituent found above Tier I1 action levels in these wells during 1998 was manganese in well 

P114389. Tlvs constituent had exceeded the historic M2SD concentration in 1997 resulting in a round of 

monthly confirmation sampling from June through August 1998. As shown in Figure 2-58, manganese 

concentrations in 1998 initially dropped below the historic M2SD value and have since risen above this 

benchmark continuing an upward trend begun in 1995. The significance of increasing manganese 

concentrations at well P 114389 is unknown, but does not appear to be related to VOC contamination at 

the PU&D Yard. Manganese is not a PU&D Yard plume contaminant, nor is the well located 

downgradient of any IHSS or known contaminant source area. The well was returned to a routine 

sampling schedule based on the results of monthly sampling (2 out of 3 monthly values were below the 

historic M2SD) (RMRS, 1998b). 

881 Hillside Plume 

Wells 4787 and 4887 monitor the extent ofthe 881 Hillside plume. Well 4787 was dry during both 

semiannual monitoring visits in 1998. Well 4887 was sampled once in 1998, but only a partial sample 

suite (VOCs and nitratehitrite) was collected because of insufficient water conditions. There were no 

detections of these constituents above Tier I1 action levels in this well. 

Mound Plume 

The Mound Plume is monitored by Plume Extent wells 3586 and 75992. Discussion of above Tier I1 

action level concentrations in these wells is contained above within the Solar Evaporation Pond and East 

Trenches plume extent subsections of this Section. In summary, vinyl chloride (well 3586), methylene 

chloride (well 75992), manganese (well 3586), uranium-233/234 and uranium-238 (wells 3586 and 

75992), and strontium-89/90 were detected above Tier I1 action levels in 1998, but below background 

M2SD or historic M2SD concentrations. These detections do not qualify as reportable values under the 

data quality objective criteria for Plume Extent wells specified in the IMP. 

Building 881 Footing Drain Sump 

One Plume Extent well, 5387, monitors discharges associated with the Building 881 Footing Drain Sump 

(SW13494). According to sample results presented for SW13494 (Table 2-S), PCE is the main 
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contaminant of concern in sump water at this locality. PCE was not detected at well 5387 during the 1998 

sample visits; however, methylene chloride was detected once above the Tier I1 action level and historic 

M2SD benchmark (Figure 2-59). This constitutes a reportable value, but is considered to be suspect 

because of methylene chloride’s reputation as a common laboratory contaminant. The uranium isotopes 

U-233/234 and U-238 were detected at above Tier I1 action levels, but below background M2SD levels, 

and thus do not qualify as reportable values. No metals or water quality constituents were detected above 

Tier I1 action levels. 

2.3.3 Upgradient Versus Downgradient Well Comparisons 

ms section contains a discussion and evaluation of RCRA monitoring wells only. D&D monitoring well 

results are presented by building number in Section 5.0. 

RCRA Wells 

The Present Sanitary Landfill at RFETS currently operates under CDPKE and EPA guidelines for solid 

waste disposal sites and facilities. The current groundwater monitoring program was instituted in 

accordance with the Rocky Flats Cleanup Agreement (RFCA, 1996); and further defined for RCRA units 

in the IMP. RCRA groundwater monitoring is conducted to detect potential excursions of contamination 

beyond an established point of compliance based on comparisions of upgradient to downgradient 

groundwater quality. Under the IMP, if significant impacts to groundwater quality are detected in 

downgradient RCRA wells and contaminant concentrations are observed to increase with time, then the 

results are reported to EPA and CDPHE and an investigation into possible causes is initiated. Special 

attention is given to groundwater contaminants listed in the Action Levels and Standards Framework for 

Surface Water, Ground Water, and Soils document (RFCA, 1996, Attachment 5), which if exceeded, 

trigger an evaluation, remedial action, and/or management action. Non-ALF constituents, such as the 

major cation metals sodium, potassium, calcium, and magnesium, are not reportable under RFCA, and 

are, therefore, not emphasized in this section. Plate 1 illustrates the location of existing RCRA wells used 

for monitoring groundwater quality at the Present Sanitary Landfill. 

Recent changes to the site groundwater monitoring program are outlined in the IMP (K-H, 1998a). This 

plan specifies the monitoring and reporting requirements for the Present Sanitary Landfill, including well 

identification, sampling frequency, analytical requirements, and reporting. Operating procedures are used 

to specify techniques for sample collection, preservation, shipment, and chain-of-custody control. 
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For the reporting period, upgradient wells 5887, 70193, 70393, and 70493, and downgradient wells 4087, 

52894, and B206989, were sampled on a quarterly basis (Januay-March, April-June, July-September, 

and October-December) to determine compliance with RFCA, as set forth in the IMP. Table 2-10 

summarizes sampling activities and shows the hydrostratigraphic unit monitored and material screened 

for all wells sampled in and near the Present Sanitary Landfill in 1998. The limited number and position 

of these wells makes it infeasible to construct potentiometric surface maps and concentration isopleth 

maps, thus current and future reports will only assess impacts to or from the landfill at the upgradient and 

downgradient landfill boundaries. 

Groundwater elevations for active wells were measured quarterly as directed in the IMP (K-H, 1998a). 

Quarterly groundwater samples were analyzed in accordance with Appendix E-2 of the IMP. The 

absence of complete analyte suites in most quarters for the downgradient wells listed in Table 2-1 0 is 

caused by sample volume limitations imposed by slow recharge and/or thin saturation conditions. The 

alluvium and weathered bedrock at these localities are frequently dry or thinly saturated partly because 

the dam for the East Landfill Pond acts as a barrier to alluvial groundwater flow from the west, and partly 

because evapotranspiration demands consume much of the available shallow groundwater in the gulch 

during the summer months. For this reason, it is normally not possible to collect complete sample sets for 

each quarterly sampling period. 
0 

The assessment of groundwater chemistry at the Present Sanitary Landfill includes an evaluation of the 

spatial distribution of groundwater constituents in and around the landfill, and a statistical evaluation of 

the chemistry of downgradient groundwater with respect to upgradient groundwater, as specified in the 

IMP. Statistical comparisons between downgradient and upgradient groundwater data were made using 

the methodology described in the I995 Annual RCRA Groundwater Monitoring Report (DOE, 1996a). 

Compared to the 1997 well data set, the majority of analytes had sufficient data to perform statistical 

analyses for 1998 largely resulting from a change from semi-annual to quarterly sampling. The quarterly 

reports contain the analytical results for groundwater samples collected during 1998 (RMRS, 1998% 

1998b, 1999a, and 1999b). 

2.3.3.1 Spatial Distribution of Groundwater Constituents 

Upgradient Wells 

Currently, four wells (5887, 70193, 70393, and 70493) monitor groundwater chemistry in the UHSU 

immediately upgradient of the Present Sanitary Landfill. Wells 5887 and 70393 are completed in UHSU 0 
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Table 2-1 0 
Well Completion Information and Sampling Summary for Present Sanitary Landfill Wells 0 

Hydro- 

Unit 
Well Stratigraphic 

Quarterly Sampling Summary 

Q1 Q2 Q3 Q4 
Screened 
Material 

I I UPPER I ALLUVIUM 1 V.W.N,M.T.U I V,W,N.M,T,U I V DW 
Downgradient Wells 

5887 UPPER 
701 93 UPPER 
70393 UPPER 
70493 UPPER 

ALLUVIUM V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 
BEDROCK V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 
ALLUVIUM V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 
BEDROCK V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 

V = Volatile organic compounds 
W = Water quality parameters 
N = Nitrate/Nitrite 
M = Metals 
T = Tritium 
U = Uranium isotopes 

152894 I UPPER IALLUVIUM Dry I V,N,M,T,U I V,W,N,M,T,U I 
B206989 I UPPER I BEDROCK V N M T  I V.N.T.U I V.N.T I V. M 
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alluvial materials and wells 70 193 and 70493 are completed in UHSU bedrock. All four wells yielded 

complete quarterly sample sets for a total of 16 upgradient samples per analyte. The fourth quarter VOC 

results for wells 5887 and 70393 have been flagged with an “R’ data validation qualifier indicating that 

these results have been rejected and are not reliable. 

Concentrations of water quality parameters fall within 0.07 to 0.92 milligrams per liter ( m a )  for 

fluoride, 0.05 to 5.8 mg/L for nitratehitrite, 13 to 48.4 mg/L for sulfate, and 120 to 230 mg/L for TDS. 

These concentrations occur within the range of background concentrations reported for these analytes in 

the I993 Background Geochemical Characterization Report (DOE, 1993b). A similar situation exists for 

all of the metal and radionuclide analytes detected in these wells. Except for the major cations (calcium, 

magnesium, sodium, potassium, and strontium), the concentrations of most metal analytes are reported 

below the detection limit or as a detectable contaminant in laboratory blank samples (“B” qualified data). 

Tritium was not detected in any of the upgradient samples, and the uranium isotopes U-233/234, U-235, 

and U-238, were essentially detected in only two wells (70393 and 70493). 

Alluvial well 70393 yielded consistent detections of five chlorinated VOCs, including TCE (24 pg/L 

maximum), PCE (8 pg/L maximum), carbon tetrachloride (4 pg/L maximum), 1,1,1 -TCA (3 8 pg/L 

maximum), and 1,l-DCE (20 pg/L maximum), and single detections of methylene chloride (3 pgL) and 

cis-1,2-DCE (0.5 pg/L). Weathered bedrock well 70493, paired with well 70393; contained generally 

lower concentrations and less consistent detections of the type of VOCs found in the overlying alluvium. 

VOCs found in this well included methylene chloride (7 pg/L maximum), TCE (1 pg/L maximum), PCE 

(4 pg/L maximum) 1, 1,l -TCA (0.8 pg/L maximum), and a single detection of 1, 1, I ,2-tetrachloroethane 

(4 p a ) .  Alluvial well 5887 contained single detections of methylene chloride (6 pg/L) and TCE (0.7 

pg/L) while weathered bedrock well 70 193 contained methylene chloride (1 9 pg/L maximum) and a 

single detection of PCE (0.6 pg/L). These results are generally consistent with the results of previous 

monitoring (DOE, 1998b), which determined that the Properby Utilization and Disposal (PU&D) Yard 

was the source of this contamination. Results for all other VOC constituents monitored in upgradient 

wells were below detection. 

Downgradient Wells 

Three wells located east of the East Landfill Pond embankment are used to monitor the chemistry of 

downgradient groundwater in the UHSU (wells 4087, 52894, and B206989). Well B206989 monitors 

groundwater in the UHSU bedrock and wells 4087 and 52894 monitor the quality of alluvial 

groundwater. All of the well locations are consistent with 6 CCR 1007-2, which allows alternate 
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0 placement of monitoring wells downgradient of an interim-status facility where existing physical 

obstacles prevent installation of wells at the boundary. 

Downgradient groundwater quality monitored at wells 4087, 52894, and B206989 appear to show that 

concentrations of fluoride, nitratehitrite, sulfate, total dissolved solids, arsenic, cadmium, chromium, 

lithium, manganese, selenium, strontium, and zinc exceed upgradient concentrations reported for 

upgradient wells 5887,70193,70393, and 70493. Elevated concentrations of the non-hazardous metals 

sodium, potassium, calcium, and magnesium were also detected in downgradient wells, but have no ALF 

groundwater action levels and, consequently, are not discussed. Aluminum, cobalt, molybdenum and 

nickel were found to have no statistically significant differences (at the 1-percent significance level) in 

upgradient versus downgradient groundwater quality. The uranium isotopes U-233/234, U-235, and U- 

23 8 also appear to have elevated activity-concentrations in downgradient wells compared to upgradient 

wells. Tritium was reported as being undetected in all upgradient and downgradient wells. All other ALF 

groundwater constituents in downgradient groundwater, including VOCs, were detected at or below 

upgradient concentration levels. 

Trend plots of analytes in downgradient wells that exceed upgradient concentrations are presented in 

Figures 2-60 through 2-75 per the requirements of the IMP. Concentration trends for analytes with three 

or more data points tend to be somewhat erratic, but are generally flat or declining, and therefore indicate 

that landfill groundwater is not currently migrating eastward at increased concentrations past the East 

Landfill dam. Data sets consisting of one or two data points for some analytes are insufficient for 

discerning trends and can not be interpreted without additional data. These trends will be reevaluated as 

more data becomes available from the groundwater monitoring program. 

Assuming that groundwater seepage past the dam is appreciable enough to influence downgradient 

groundwater quality, the elevated concentrations of inorganic analytes in downgradient groundwater can 

be explained by the evaporative concentration of solutes in pond water in combination with other factors, 

such as mineral build-up in soils resulting from seasonal desaturation of valley-fill alluvial materials and 

contributions of more highly mineralized groundwater from the underlying LHSU. Analysis of analyte 

trends showing concentration increases must account for these conditions in order to differentiate between 

natural and anthropogenic influences. On the other hand, groundwater VOC contributions to pond water 

will tend to be lost by volatilization before reaching the downgradient wells. 

The elevated concentrations of certain inorganic constituents, specifically nitrate/nitrite (NOdNO2), 

lithium (Li), and selenium (Se) in well B206989, probably indicate the presence of a non-landfill 
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0 contaminant source area that influences downgradient groundwater quality below the landfill pond. This 

interpretation is supported by the historically low concentration of these analytes in landfill leachate 

(SW097; mean values = 0.3 mg/L N03/N02, 40 pg/L Li, and 2 pg/L Se) and landfill pond water (SW098; 

mean values = 0.093 mg/L N03/N02 and 77 pg/L, Li) (DOE, 1996a, Tables 2-2 and 2-3), and elevated 

concentration of nitratehitrite (mean=143.5 mg/L), lithium (199 p a )  and selenium (504 pg/L) in 

samples from UHSU bedrock well B206889, located to the south and upgradient of we11 B206989. 

Potential source areas for these contaminants are currently unknown. Regardless of the source of these 

contaminants, their absence at high concentrations in landfill groundwater and surface water indicate the 

presence of potential non-landfill interferences in interpreting downgradient weathered bedrock 

groundwater quality. 

2.3.3.2 Statistical Evaluation of Groundwater Constituents 

Where possible, analytical data for groundwater monitored upgradient of the Present Sanitary Landfill 

were compared statistically to analytical data for groundwater sampled from compliance-boundary wells 

located downgradient of the Present Sanitary Landfill. Results of these comparisons were used to 

evaluate potential contaminant releases from the regulated unit into the uppermost "aquifer". The 

comparisons between upgradient and downgradient groundwater quality were made using the statistical 

methodology discussed in the 1995 Annual RCRA Report (DOE, 1996a). Table 2-1 1 presents a sampling 

and detection summary for each groundwater analyte monitored during 1998. Statistical comparisons 

were not performed for analytes with less than 50-percent quantifiable results or for analytes with less 

than two quantifiable results. For analytes involving nonparametric analysis, the minimum sample 

volume requirement of at least two quantifiable results per group was increased to four as recommended 

by EPA guidance (EPA, 1992b). A sufficient number of samples were collected from upgradient and 

downgradient well groups to perform statistical comparisons for all analytes with more than 5 O-percent 

quantifiable results, except sulfate and total dissolved solids (3 downgradient samples each). Data for 

volatile organic compounds (except methylene chloride), nine trace metals (arsenic, beryllium, cobalt, 

lead, mercury, silver, thallium, tin, and vanadium), tritium, and uranium-235 met the sample volume 

criteria, but non-detections exceeded 50 percent of the data sets, so it was necessary to exclude these 

compounds from statistical evaluation. Conclusions concerning these analytes are described following 

the discussion of statistical comparisons. 

0 
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Table 2-1 1 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells 0 

Fluoride 
NitratelNitrite 
Sulfate 
Total Dissolved Solids 
Metals (uglL) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
C hromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 
Radionuclides (pCilL) 
Tritium 
u-2331234 
U-235 
U-238 
Volatile Organic 
Compounds (uglL) 
1,l ,I ,2-Tetrachloroethane 
1 ,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1 ,I ,2lTrichloroethane 
1 ,I-Dichloroethane 
1 ,I-Dichloroethene 
1, I-Dichloropropene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 

16 3 19 
16 6 22 
16 3 19 
16 3 19 

16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 
16 6 22 

16 7 23 
16 5 21 
16 5 21 
16 5 21 

16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 
16 9 25 

16 3 19 
15 5 20 
16 3 19 
16 3 19 

15 5 20 
9 3 12 
1 4 5 
16 6 22 
2 1 3 
8 5 13 
16 6 22 
12 3 15 
2 3 5 
13 6 19 
9 3 12 
6 2 8 
16 6 22 
16 6 22 
15 4 19 
1 0 1 
8 6 14 
12 6 18 
16 6 22 
9 6 15 
4 1 5 
16 6 22 
16 6 22 
6 2 8 
1 2 3 
4 2 6 
16 6 22 

4 2 6 
7 5 12 
3 5 8 
8 5 13 

1 0 1 
6 0 6 
0 0 0 
0 0 0 
0 0 0 
4 0 4 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

100.0 
93.8 
100.0 
100.0 

93.8 
56.3 
6.3 

100.0 
12.5 
50.0 
100.0 
75.0 
12.5 
81.3 
56.3 
37.5 
100.0 
100.0 
93.8 
6.3 
50.0 
75.0 
100.0 
56.3 
25.0 
100.0 
100.0 
37.5 
6.3 
25.0 
100.0 

25.0 
43.8 
18.8 
50.0 

6.3 
37.5 
0.0 
0.0 
0.0 

25.0 
0.0 
0.0 
0.0 
0.0 
0.0 

100.0 

100.0 k 100.0 

~ 83.3 
~ 50.0 
~ 66.7 
' 100.0 
1 16.7 

83.3 
100.0 
50.0 
50.0 
100.0 
50.0 
33.3 
100.0 
100.0 
66.7 
0.0 

100.0 
100.0 
100.0 
100.0 
16.7 

100.0 
100.0 
33.3 
33.3 
33.3 
100.0 

28.6 
100.0 
100.0 
100.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

100.0 

100.0 
100.0 

22.7 
100.0 
13.6 
59.1 
100.0 
68.2 
22.7 
86.4 
54.5 
36.4 
100.0 
100.0 
86.4 
4.5 
63.6 
81.8 
100.0 
68.2 
22.7 
100.0 
100.0 
36.4 
13.6 
27.3 
100.0 

26.1 
57.1 
38. I 
61.9 

4.0 
24.0 
0.0 
0.0 
0.0 
16.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
9.1 
0.0 
0.0 

9.1 
45.5 
77.3 
0.0 

86.4 
40.9 
0.0 

31.8 
77.3 
13.6 
45.5 
63.6 
0.0 
0.0 
13.6 
95.5 
36.4 
18.2 
0.0 

31.8 
77.3 
0.0 
0.0 

63.6 
86.4 
72.7 
0.0 

73.9 
42.9 
61.9 
38.1 

96.0 
76.0 
100.0 
100.0 
100.0 
84.0 
100.0 
100.0 
100.0 
100.0 
100.0 
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Table 2-1 1 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells 

. .  
1 ,ZDibromoethane 
I ,2-Dichlorobenzene 
1,2-Dichloroethane 
1 ,2-Dichloropropane 
1,3,5-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,4-Dichlorobenzene 
2,2-Dichloropropane 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Tetrachloride 
Shlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
5s-I ,2-Dichloroethene 
5s-I ,3-Dichloropropene 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
Ethylbenzene 
iexachlorobutadiene 
sopropy lbenzene 
nip-Xylene 
Methylene Chloride 
Vaphthalene 
1-Butylbenzene 
1-Propylbenzene 
1-C hlorotoluene 
,-Xylene 
3-Chlorotoluene 
s-lsopropy ltoluene 
jec-Buty lbenzene 
Styrene 
:ert-Butyl benzene 
retrachloroethene 
roluene 
:rans-I ,2-Dichloroethene 
:rans-I ,3-Dichloropropene 
rrichloroethene 
rrichlorofluoromethane 
tiny1 Chloride 

16 9 25 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
7 
0 

0 

0 0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
7 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
25.0 
0 0  
0.0 
0 0  
0.0 
6.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
56.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0  
43.8 
0.0 
0.0 
0.0 

43.8 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
55.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
16.0 
0.0 
0.0 
0.0 
0.0 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
56.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
28.0 
0.0 
0.0 
0.0 
28.0 
0.0 
0.0 - 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
84.0 
100.0 
100.0 
100.0 
100.0 
96.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
44.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
72.0 
100.0 
100.0 
100.0 
72.0 
100.0 
100.0 
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For analytes with greater than 50-percent quantifiable results, parametric ANOVA or nonparametric 

Wilcoxon Rank-Sum testing was performed, depending on the percentage of non-detections present in the 

sample groups and sample distribution characteristics. All UHSU results (alluvial and bedrock) were 

grouped by analyte into upgradient and downgradient data sets to simplify analyses and provide adequate 

data to perform statistical testing. Th~s  approach is justifiable because all downgradient wells are closely 

located in a well-defined, narrow drainage way that defines the sole groundwater flow path leading from 

the landfill. The Wilcoxon Rank-Sum test (also known as the Mann-Whitney U test) was selected to 

perform nonparametric comparisons in place of the Kruskall-Wallis test based on EPA guidance for 

statistical evaluations involving two data groups (EPA, 1 992b). 

Table 2-12 summarizes the results of statistical comparisons for the upgradient and downgradient data 

groups. Statistically significant differences (at the 1 -percent significance level) in upgradient versus 

downgradient groundwater quality were found for fluoride, cadmium, calcium, lithium, magnesium, 

molybdenum, potassium, sodium, strontium, U-233/234, and U-23 8 .  With the exception of cadmium and 

molybdenum, these results are similar those reported in previous RCRA reports. 

Of the nine trace metals reported with non-detections exceeding 50 percent sample set, only arsenic in 

well B206989 appears to be elevated above upgradient groundwater concentrations. The elevated 

concentration of this analyte in well B206989, as also observed for nitrate/nitrite, lithium, and selenium in 

this well, may signify an association with a contaminant source other than the landfill. The elevated 

activity-concentration of U-235 in this well compared to the other downgradient wells and upgradient 

wells could result from either natural sources present within the bedrock, as it occurs within the 

background range for this isotope (DOE, 1993b; Table D-9), or alternatively, from the unknown source 

tentatively implicated to explain the elevated concentrations for nitratehitrite, lithium, and selenium. 

2.4 Discussion of Groundwater Plumes 

Plume maps have been updated using 1998 data for composite VOCs (TCE, PCE, vinyl chloride, and 

carbon tetrachloride) and dissolved nitrate. Groundwater chemistry data extracted from the SWD were 

used in constructing these maps. All monitoring wells with analytical results for the years 1991 through 

1998, regardless of the number of samples collected during that time, were used to produce the plume 

maps. The maps consist of data compiled from approximately 600 wells. Chemical data were prepared 

using the methods specified in Section 2.1. The mean concentration of each analyte for each well from 

1991 through 1998 was calculated and plotted. Results below the CRDL were identified in the data as 
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QWCA) Groundwater Monitoring Report ’ “U’ qualified. U-qualified data were given values of one-half the reported CRDL. VOCs have action 

levels low enough that the variation in CRDLs from one laboratory to another has caused some averages 

from wells with predominantly non-detect results to be above the Tier I1 action levels. The CRDLs 

exhibited the greatest variation for VOCs as a result of sample dilution reruns. For VOCs only, any 

CRDLs above 1 microgram per liter ( p a )  was adjusted to 1 pglL, and the average was calculated using 

one-half the adjusted CRDL. 

It should be noted that the term “plume map” is used here to delineate potential areas of elevated 

contaminant concentrations derived from each data set. In fact the map for a particular analyte may not 

show a plume at all, but rather just the distribution of the historical average chemical data results for that 

analyte. Because of assumptions made during data reduction, it is expected that these maps may contain a 

limited number of false values above Tier I1 action levels. Plume boundaries, where drawn, represent the 

best estimates of the spatial distribution of concentrations of selected chemicals of concern in 

groundwater at WETS. 

2.4.1 Volatile Organic Compound Plumes 

0 Plate 10 presents a composite of four common VOC contaminants - TCE, PCE, vinyl chloride and carbon 

tetrachloride - which typify the type of VOC contamination found in general at WETS. The map shows 

the estimated extent of Tier I (200 pg/L for vinyl chloride and 500 pg/L for TCE, PCE, and carbon 

tetrachloride) and Tier IT (2 pg/L for vinyl chloride and 5 pg/L for TCE, PCE, and carbon tetrachloride) 

groundwater VOC contamination based on data collected during the period 1991 to 1998. Individual 

plume maps for these VOC contaminants were presented in the 1997 Annual RFCA Groundwater 

Monitoring Report (DOE, 1998), and should be consulted when examining VOC associations with 

specific source areas. 

The VOC plume map has been updated from those published in previous Annual RFCA Groundwater 

Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. The main area of 

change involved extending the Tier I and Tier 11 boundaries from the IA plume westward toward the 

unnamed drainage that separates the 700 area from Building 371/374. This change incorporates new 

VOC data collected from well points installed in 1998 for the northern IA plume evaluation (see Section 

4.1). The Mound plume boundary was also broadened slightly to account for above Tier I action level 

TCE concentrations detected at well 00897. Refinements to the Tier I1 boundary were made at the 

leading edge of the 903 PadRyan’s Pit plume near the South Interceptor Ditch at Pond C-1, and along the 

east boundary of the IA plume near Building 779. The 903 PadRyan’s Pit plume boundary was redrawn 
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to more accurately reflect the extent of VOCs found in the 1998 well points, which resulted in a retraction 

away from wells 2987 and 23196. The absence of VOCs above Tier I1 action levels in the Building 779 

D&D wells (02297, 02397, and 02497) caused the IA Tier I1 boundary to be redrawn west of Building 

779, thus resulting in a minor retraction of the boundary at Buildings 707 and 777. A small area of Tier I1 

VOC contamination centered around D&D monitoring well 10498, located downgradient of Building 

123, was also added to the map. 

In 1999, an evaluation of the eastern boundary of the IA VOC plume was implemented to better define 

the extent of VOC contamination east of the Eighth Street utility corridor and upgradient of Buildings 

707, 776, 778, 883, and 865. The proposed field investigation involves the installation and sampling of 

15 small diameter wells along Eighth Street between Building 88 I on the south and Building 771 on the 

north. Details ofthis investigation are specified in RMRS (1999~). The results ofthis investigation will 

be reported in the 1999 Annual RFCA Groundwater Monitoring Report . 

2.4.2 Nitrate Plumes 

The nitrate plume map has been updated slightly from those published in previous Annual RFCA 

Groundwater Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. Plate 7 

shows the estimated extent of Tier I (1,000 mg/L) and Tier I1 (1 0 mg/L) groundwater nitrate 

contamination based on data collected from the period 199 1 to 1998. For reference, the background 

concentration for nitrate in groundwater at WETS is 4.7 mg/L (DOE, 1993b). 

Plate 7 illustrates one major nitrate plume (Solar Ponds Plume) and four minor areas. The Solar Ponds 

Plume (SPP) is located in the northeast portion of the PA and extends from the Solar Evaporation Ponds 

to the northeast towards North Walnut Creek. All values of nitrate over the Tier I action level are 

associated with this plume. The four minor areas of nitrate concentration above the Tier I1 action level 

are associated with the Old Landfill, the 903 and 904 Pads, IHSS 119.1 on the 88 I Hillside, and an area 

west of the Present Sanitary Landfill Pond. Scattered occurrences of nitrate above the Tier I1 action level 

are also found at well 08391 (444 mg/L), located approximately 1200 feet east of the IA; wells 3386 (12.4 

mgL) and 22896 (12.1, mg/L) in the PA; well 00597 (IO. 1 mg/L) at the south perimeter ofthe Present 

Sanitary Landfill; and well 10498 (26 mg/L) downgradient of Building 123. The only significant change 

in nitrate plume extent involved extending the SPP Tier I1 boundary westward to encompass Buildings 

774 and 779, and the eastern one third of Building 777. Ths change is based on consideration of 

historical nitrate data from building foundation drains available for PA Buildings 707, 771, 774, and 779 

(DOE, 1994a) and new nitrate data from North IA well points installed in 1998 (see Section 4.1). 
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3.0 GROUNDWATER FLOW CONDITIONS DURING 1998 
0 

Groundwater level data collected throughout calendar year 1998 were reviewed to determine whether 

significant changes in groundwater flow direction, flow velocity, and quantity have occurred to the upper 

hydrostratigraphic unit since 1996 and previous years. This review included evaluations of semiannual 

potentiometric surface maps, quarterly well pair linear flow velocity calculations, selected well 

hydrographs, and water level change maps. Comparison of the 1998 data to historical potentiometric 

surface maps (from previous annual reports) and historical water level trends presented in the individual 

well hydrographs provide a framework for identifylng the type of potentiometric configurations, seasonal 

fluctuations, and long-term trends typically associated with pre-2996 plant operations. The 1996 data set, 

because it is the last year before the commencement of D&D activities (and to some extent the 1997 data 

set) comprises a sitewide baseline that will be used for assessing annual changes to the groundwater flow 

system during the remaining years of plant closure and post-closure monitoring. 

3.1 Potentiometric Surface Maps 

Groundwater potentiometric surface maps (Plates 2 and 3) were constructed from water level data 

collected during the second and fourth quarters (April and October data, respectively) of 1998 for the 

unconsolidated surficial deposits and selected weathered bedrock components comprising the UHSU. 

These maps provide information on groundwater flow direction and saturated extent that were used in the 

selection of well pairs for velocity calculations and definition of plume extent and movement. For map 

construction, it was assumed that well construction details, borehole logs, and water level measurements 

were accurate. When the measured depth to water was below the bottom of the well screen, the well was 

assumed to be dry. 

0 

Maps constructed for the UHSU were based entirely on data from fully penetrating wells screened in 

surficial deposits thought to be representative of regional shallow groundwater flow conditions. For this 

reason, wells completed in perched alluvial groundwater zones, such as wells 50494 and 5 1594 located 

west of the IA, were not utilized for construction of potentiometric contours. Information on unsaturated 

areas from previous UHSU potentiometric maps, particularly the 1993 maps, were used in the 

construction of the second and fourth quarter 1998 maps. Areas previously labeled as unsaturated were 

evaluated and reconfigured utilizing new monitoring well coverage (i.e., IA IMRA,  D&D wells) and 

recent water level data. Shaded, non-contoured areas of the maps indicate areas where well coverage is 

absent. Conceptual potentiometric contour refinements were made in areas with new well coverage such 

as the north Industrial Area. 
0 
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0 The configuration of the potentiometric surfaces for the second and fourth quarters of 1998 generally 

matches the configurations depicted for earlier quarterly maps. 

Plant operations have potentially impacted groundwater flow patterns in areas where potentiometric 

contours appear to deviate from topographic or bedrock topographic configurations. For example, a 

prominent and persistent eastward distention of the 6,000 through 6,040-foot contour lines in the west IA 

deviates significantly from the pattern expected from the surface topography. The coincidence of this 

broad, mound-like feature within an industrialized portion of the Site suggests that a greater amount of 

recharge is occurring in this area compared to background areas with similar geologic conditions situated 

to the north and south. Likewise, the convergence and/or redirection of potentiometric contour lines in 

the immediate vicinity of Buildings 371, 771, 881,865, and 997 suggest that foundation drains have 

localized impacts on groundwater flow in the IA. Unsaturated areas shown on the 1998 maps were 

generally less extensive than drawn on the 1996 maps (which were a reflection of the 1993 maps). This 

condition probably reflects the effects of higher than average precipitation at the site for the period of 

1995 through 1997, in addition to improved sitewide well coverage. 

3.2 Average Linear Flow Velocities 0 
Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well pairs 

within the Industrial Area and perimeter based on flow direction considerations derived from the 1998 

potentiometric surface maps. The Darcy equation was used to calculate the seepage velocity (v): 

K 
n 

v = - (dh / dl) 

where: 

K = hydraulic conductivity 

n = effective porosity 

dh/dl = hydraulic gradient 

Values for hydraulic gradient were calculated from quarterly water level measurements made between 

well pairs located along a groundwater pathway. These well pairs were chosen on the basis of their 

perpendicular orientation to potentiometric contour lines. The data is not complete based on the fact that 

both well pairs are not necessarily visited for a water level measurement each quarter. Hydraulic 

conductivity values used for velocity calculations were derived from the geometric mean values reported 0 
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for the Rocky Flats Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sandstone) 

presented in Table G-2 of EG&G (1995b). For each well pair, the K value chosen for the calculation was 

based on the predominant lithologic unit comprising the flow path between the wells. In the absence of 

measured values of n, a conservative value of 0.1 is assumed based on its predominant usage in previous 

velocity calculations performed at WETS. 

Groundwater flow velocities can be used as estimates of the migration rates for conservative (].e., non- 

reactive) groundwater chemical constituents. Because they do not consider the effects of dispersion and 

chemical reactions (e.g., volatilization, biodegradation, dissolutiodprecipitation, and adsorption) on the 

concentrations of constituents along a flow path, seepage velocities approximate only the unattenuated 

rate of migration for dissolved constituents in groundwater. Attenuated, volatile, biodegradable, or redox- 

sensitive species will likely exhibit migration rates slower than the average linear velocity of groundwater 

flow. 

Large-scale changes in the hydraulic gradient distribution caused by reconfiguration of the groundwater 

recharge and discharge regime during plant closure have the potential to impact groundwater flow 

directions and velocities which, in turn, can affect plume concentration, configuration, and movement. 

Although actual linear flow velocities at any given well pair are not known with certainty, changes in 

relative flow velocities, combined with potentiometric mapping and hydrograph analysis, can provide 

some insight into plume dynamics and movement. Linear flow velocity calculations are sensitive only to 

the magnitude and direction of the hydraulic gradient, assuming that the assigned values of K and n are 

kept constant. Temporal analysis of relative linear flow velocities using 1996 as a baseline year is 

expected to compliment the other available assessment tools (potentiometric and water level change 

maps, hydrographs, plume extent maps, etc.) in monitoring contaminant plume migration toward surface 

water. 

0 

As shown in Table 3-1, the calculated 1998 groundwater flow velocities ranged from approximately 16 

feet per year (Wyr) between well pair P419689/P416889, located in the IA, to approximately 475 Wyr. 

between well pair 3687/60295, located in the East Trenches area. Linear flow velocities below 80 Wyr 

tend to be associated with the Rocky Flats Alluvium while linear flow velocities above 80 ft/yr tend to be 

associated with colluvial (hillslope) material. The high value of 477 Wyr, calculated for the fourth quarter 

of 1998 for well pair 3687/60296, is associated with the Arapahoe No. 1 Sandstone, which discharges to 

the hillside above South Walnut Creek. 
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“U” qualified. U-qualified data were given values of one-half the reported CRDL. VOCs have action 
0 

levels low enough that the variation in CRDLs from one laboratory to another has caused some averages 

from wells with predominantly non-detect results to be above the Tier I1 action levels. The CRDLs 

exhibited the greatest variation for VOCs as a result of sample dilution reruns. For VOCs only, any 

CRDLs above 1 microgram per l i tv (pg/L) was adjusted to 1 pg/L, and the average was calculated using 

one-half the adjusted CRDL. 

It should be noted that the term “plume map” is used here to delineate potential areas of elevated 

contaminant concentrations derived from each data set. In fact the map for a particular analyte may not 

show a plume at all, but rather just the distribution of the historical average chemical data results for that 

analyte. Because of assumptions made during data reduction, it is expected that these maps may contain a 

limited number of false values above Tier I1 action levels. Plume boundaries, where drawn, represent the 

best estimates of the spatial distribution of concentrations of selected chemicals of concern in 

groundwater at WETS. 

* 2.4.1 Volatile Organic Compound Plumes 

Plate 10 presents a composite of four common VOC contaminants - TCE, PCE, vinyl chloride and carbon 

tetrachloride - which typify the type of VOC contamination found in general at WETS. The map shows 

the estimated extent of Tier I (200 pg/L for vinyl chloride and 500 pg/L for TCE, PCE, and carbon 

tetrachloride) and Tier I1 (2 pg/L for vinyl chloride and 5 pg/L for TCE, PCE, and carbon tetrachloride) 

groundwater VOC contamination based on data collected during the period 1991 to 1998. Individual 

plume maps for these VOC contaminants were presented in the 1997 Annual RFCA Groundwater 

Monitoring Report (DOE, 1998), and should be consulted when examining VOC associations with 

specific source areas. 

The VOC plume map has been updated from those published in previous Annual FWCA Groundwater 

Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. The main area of 

change involved extending the Tier I and Tier I1 boundaries from the IA plume westward toward the 

unnamed drainage that separates the 700 area from Building 371/374. This change incorporates new 

VOC data collected from well points installed in 1998 for the northern IA plume evaluation (see Section 

4.1). The Mound plume boundary was also broadened slightly to account for above Tier I action level 

TCE concentrations detected at well 00897. Refinements to the Tier I1 boundary were made at the 

leading edge of the 903 PadRyan’s Pit plume near the South Interceptor Ditch at Pond C-1 , and along the 

east boundary of the IA plume near Building 779. The 903 Pamyan’s Pit plume boundary was redrawn 
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to more accurately reflect the extent of VOCs found in the 1998 well points, which resulted in a retraction 

away from wells 2987 and 23 196. The absence of VOCs above Tier TI action levels in the Building 779 

D&D wells (02297,02397, and 02497) caused the IA Tier I1 boundary to be redrawn west of Building 

779, thus resulting in a minor retraction of the boundary at Buildings 707 and 777. A small area of Tier I1 

VOC contamination centered around D&D monitoring well 10498, located downgradient of Building 

123, was also added to the map. 

In 1999, an evaluation of the eastern boundary of the IA VOC plume was implemented to better define 

the extent of VOC contamination east of the Eighth Street utility corridor and upgradient of Buildings 

707,776,778, 883, and 865. The proposed field investigation involves the installation and sampling of 

15 small diameter wells along Eighth Street between Building 881 on the south and Building 771 on the 

north. Details of this investigation are specified in RMRS (1999~). The results of this investigation will 

be reported in the 1999 Annual RFCA Groundwater Monitoring Report . 

2.4.2 Nitrate Plumes 

The nitrate plume map has been updated slightly from those published in previous Annual RFCA 

Groundwater Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. Plate 7 

shows the estimated extent of Tier I (1,000 mg/L) and Tier I1 (1 0 mg/L) groundwater nitrate 

contamination based on data collected from the period 1991 to 1998. For reference, the background 

concentration for nitrate in groundwater at WETS is 4.7 mg/L (DOE, 1993b). 

0 

Plate 7 illustrates one major nitrate plume (Solar Ponds Plume) and four minor areas. The Solar Ponds 

Plume (SPP) is located in the northeast portion of the PA and extends fi-om the Solar Evaporation Ponds 

to the northeast towards North Walnut Creek. All values of nitrate over the Tier I action level are 

associated with this plume. The four minor areas of nitrate concentration above the Tier I1 action level 

are associated with the Old Landfill, the 903 and 904 Pads, IHSS 1 19.1 on the 88 1 Hillside, and an area 

west of the Present Sanitary Landfill Pond. Scattered occurrences of nitrate above the Tier 11 action level 

are also found at well 08391 (444 mg/L), located approximately 1200 feet east of the IA; wells 3386 (12.4 

mgL)  and 22896 (12.1. mg/L) in the PA; well 00597 (IO. 1 mg/L) at the south perimeter of the Present 

Sanitary Landfill; and well 10498 (26 mg/L) downgradient of Building 123. The only significant change 

in nitrate plume extent involved extending the SPP Tier 11 boundary westward to encompass Buildings 

774 and 779, and the eastern one third of Building 777. This change is based on consideration of 

historical nitrate data from building foundation drains available for PA Buildings 707, 771 , 774, and 779 

(DOE, 1994a) and new nitrate data from North IA well points installed in 1998 (see Section 4.1). 0 
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3.0 GROUNDWATER FLOW CONDITIONS DURING 1998 
0 

Groundwater level data collected throughout calendar year 1998 were reviewed to determine whether 

significant changes in groundwater flow direction, flow velocity, and quantity have occurred to the upper 

hydrostratigraphic unit since 1996 and previous years. This review included evaluations of semiannual 

potentiometric surface maps, quarterly well pair linear flow velocity calculations, selected well 

hydrographs, and water level change maps. Comparison of the 1998 data to historical potentiometric 

surface maps (from previous annual reports) and historical water level trends presented in the individual 

well hydrographs provide a framework for identifLing the type of potentiometric configurations, seasonal 

fluctuations, and long-term trends typically associated with pre- 1996 plant operations. The 1996 data set, 

because it is the last year before the commencement of D&D activities (and to some extent the 1997 data 

set) comprises a sitewide baseline that will be used for assessing annual changes to the groundwater flow 

system during the remaining years of plant closure and post-closure monitoring. 

3.1 Potentiometric Surface Maps 

Groundwater potentiometric surface maps (Plates 2 and 3) were constructed from water level data 

collected during the second and fourth quarters (April and October data, respectively) of 1998 for the 

unconsolidated surficial deposits and selected weathered bedrock components comprising the UHSU. 

These maps provide information on groundwater flow direction and saturated extent that were used in the 

selection of well pairs for velocity calculations and definition of plume extent and movement. For map 

construction, it was assumed that well construction details, borehole logs, and water level measurements 

were accurate. When the measured depth to water was below the bottom of the well screen, the well was 

assumed to be dry. 

Maps constructed for the UHSU were based entirely on data from fully penetrating wells screened in 

surficial deposits thought to be representative of regional shallow groundwater flow conditions. For this 

reason, wells completed in perched alluvial groundwater zones, such as wells 50494 and 5 1594 located 

west of the IA, were not utilized for construction of potentiometric contours. Information on unsaturated 

areas from previous UHSU potentiometric maps, particularly the 1993 maps, were used in the 

construction of the second and fourth quarter 1998 maps. Areas previously labeled as unsaturated were 

evaluated and reconfigured utilizing new monitoring well coverage (Le., IA IWIRA, D&D wells) and 

recent water level data. Shaded, non-contoured areas of the maps indicate areas where well coverage is 

absent. Conceptual potentiometric contour refinements were made in areas with new well coverage such 

as the north Industrial Area. 
0 
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0 The configuration of the potentiometric surfaces for the second and fourth quarters of 1998 generally 

matches the configurations depicted for earlier quarterly maps. 

Plant operations have potentially impacted groundwater flow patterns in areas where potentiometric 

contours appear to deviate from topographic or bedrock topographic configurations. For example, a 

prominent and persistent eastward distention of the 6,000 through 6,040-foot contour lines in the west IA 
deviates significantly from the pattern expected from the surface topography. The coincidence of this 

broad, mound-like feature within an industrialized portion of the Site suggests that a greater amount of 

recharge is occurring in this area compared to background areas with similar geologic conditions situated 

to the north and south. Likewise, the convergence and/or redirection of potentiometric contour lines in 

the immediate vicinity of Buildings 371, 771, 881, 865, and 997 suggest that foundation drains have 

localized impacts on groundwater flow in the IA. Unsaturated areas shown on the 1998 maps were 

generally less extensive than drawn on the 1996 maps (which were a reflection of the 1993 maps). This 

condition probably reflects the effects of higher than average precipitation at the site for the period of 

1995 through 1997, in addition to improved sitewide well coverage. 

3.2 Average Linear Flow Velocities 

Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well pairs 

within the Industrial Area and perimeter based on flow direction considerations derived from the 1998 

potentiometric surface maps. The Darcy equation was used to calculate the seepage velocity (v): 

K 
n 

v = -(dh I dl) 

where: 

K = hydraulic conductivity 

n =,effective porosity 

dh/dl= hydraulic gradient 

Values for hydraulic gradient were calculated from quarterly water level measurements made between 

well pairs located along a groundwater pathway. These well pairs were chosen on the basis of their 

perpendicular orientation to potentiometric contour lines. The data is not complete based on the fact that 

both well pairs are not necessarily visited for a water level measurement each quarter. Hydraulic 

conductivity values used for velocity calculations were derived from the geometric mean values reported 
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for the Rocky Flats Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sandstone) 

presented in Table G-2 of EG&G (1995b). For each well pair, the K value chosen for the calculation was 

based on the predominant lithologic unit comprising the flow path between the wells. In the absence of 

measured values of n, a conservative value of 0.1 is assumed based on its predominant usage in previous 

velocity calculations performed at RFETS. 

Groundwater flow velocities can be used as estimates of the migration rates for conservative (Le., non- 

reactive) groundwater chemical constituents. Because they do not consider the effects of dispersion and 

chemical reactions (e.g., volatilization, biodegradation, dissolutionlprecipitation, and adsorption) on the 

concentrations of constituents along a flow path, seepage velocities approximate only the unattenuated 

rate of migration for dissolved constituents in groundwater. Attenuated, volatile, biodegradable, or redox- 

sensitive species will likely exhibit migration rates slower than the average linear velocity of groundwater 

flow. 

Large-scale changes in the hydraulic gradient distribution caused by reconfiguration of the groundwater 

recharge and discharge regime during plant closure have the potential to impact groundwater flow 

directions and velocities which, in turn, can affect plume concentration, configuration, and movement. 

Although actual linear flow velocities at any given well pair are not known with certainty, changes in 

relative fl ow velocities, combined with potentiometric mapping and hydrograph analysis, can provide 

some insight into plume dynamics and movement. Linear flow velocity calculations are sensitive only to 

the magnitude and direction of the hydraulic gradient, assuming that the assigned values of K and n are 

kept constant. Temporal analysis of relative linear flow velocities using 1996 as a baseline year is 

expected to compliment the other available assessment tools (potentiometric and water level change 

maps, hydrographs, plume extent maps, etc.) in monitoring contaminant plume migration toward surface 

water. 

0 

As shown in Table 3- 1, the calculated 1998 groundwater flow velocities ranged from approximately 16 

feet per year (ft/yr) between well pair P419689/P416889, located in the IA, to approximately 475 ft/yr. 

between well pair 3687/60295, located in the East Trenches area. Linear flow velocities below 80 Wyr 

tend to be associated with the Rocky Flats Alluvium while linear flow velocities above 80 ft/yr tend to be 

associated with colluvial (hillslope) material. The high value of 477 Wyr, calculated for the fourth quarter 

of 1998 for well pair 3687/60296, is associated with the Arapahoe No. 1 Sandstone, which discharges to 

the hillside above South Walnut Creek. 
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Table 3-1 
Average Linear Flow Velocities for the Industrial Area and Vicinity 

0 

0 

0 

WELL PAIR AREA 
1998 dhldl K V V 

QTR (gradient) (cmlsec) ne (cm/sec) (wyr) 

P416289 / P416689 Industrial Area 1 0.0322 2.10E-04 0.1 6.76E-05 69.96 
2 0.0175 2.lOE-04 0.1 3.68E-05 38.02 
3 N/D 2.10E-04 0.1 N/D N/D 
4 0.0287 2.10E-04 0.1 6.03E-05 62.36 

P419689 / P416889 Industrial Area 1 0.0077 2.1OE-04 0.1 1.62E-05 16.73 
2 0.0124 2.1OE-04 0.1 2.60E-05 26.94 
3 0.0072 2.1OE-04 0.1 1.51E-05 15.64 
4 N/D 2.10E-04 0.1 N/D N/D 

P314289 / 10492 Industrial Area 1 0.1261 9.33E-05 0.1 1.18E-04 121.73 
/ S. Buffer 2 N/D 9.33E-05 0.1 N/D N/D 

3 N/D 9.33E-05 0.1 N/D NID 
4 N/D 9.33E-05 0.1 N/D N/D 

53871 00797 881 Hillside 1 0.1920 9.33E-05 0.1 1.79E-04 185.34 
2 0.2121 9.33E-05 0.1 1.98E-04 204.75 
3 0.1610 9.33E-05 0.1 1.50E-04 155.42 
4 0.1709 9.33E-05 0.1 1.59E-04 164.97 

34791 / 6386 SE Buffer 1 0.1915 9.33E-05 0.1 1.79E-04 184.86 
2 0.1950 9.33E-05 0.1 1.82E-04 188.24 
3 N/D 9.33E-05 0.1 N/D NID 
4 0,1868 9.33E-05 0.1 1.74E-04 180.32 

07291 / 07391 903 Pad. I 0.0758 2.1OE-04 0.1 1.59E-04 164.69 
2 0.0836 2.10E-04 0.1 1.76E-04 181.64 
3 0.0780 2.1OE-04 0.1 1.64E-04 169.48 
4 N/D 2.10E-04 0.1 N/D N/D 

00491 / 23196 SE Buffer 1 0.1623 9.33E-05 0.1 1.51E-04 156.67 
2 0.1686 9.33E-05 0 1 1.57E-04 162.75 
3 0.1662 9.33E-05 0.1 1.55E-04 160.44 
4 NID 9.33E-05 0.1 N/D NID 

04591 I10194 903 Pad 1 0.0124 2.10E-04 0.1 2.60E-05 26.94 
2 0.0117 2.1OE-04 0.1 2.46E-05 25.42 
3 0.0088 2.10E-04 0.1 1.85E-05 19.12 
4 N/D 2.1OE-04 0.1 N/D N/D 

05291 / 05091 East Trenches 1 0.0221 2.10E-04 0.1 4.64E-05 48.02 
2 0.0219 2.10E-04 0.1 4.60E-05 47.58 
3 N/D 2.10E-04 0.1 N/D N/D 
4 N/D 2.10E-04 0.1 N/D N/D 

05391106091 East Trenches I 0.0175 2.10E-04 0.1 3.68E-05 38.02 
2 0.0180 2.10E-04 0.1 3.78E-05 39.11 
3 0.0161 2.10E-04 0.1 3.38E-05 34.98 
4 0.0142 2.10E-04 0.1 2.98E-05 30.85 

4286/20291 East Trenches 1 0.0146 2.10E-04 0.1 3.07E-05 31.72 
2 0.0246 2.10E-04 0.1 5.17E-05 53.45 
3 0.0219 2.10E-04 0.1 4.60E-05 47.58 
4 0.0206 2.10E-04 0.1 4.33E-05 44.76 

3687/60295 East Trenches 1 0.0573 7.88E-04 0.1 4.52E-04 467.17 
2 0.0527 7.88E-04 0.1 4.15E-04 429.66 
3 NID 7.88E-04 0.1 N/D N/D 
4 0.0585 7.88E-04 0.1 4.61E-04 476.95 . _. 

00191/13491 903 Pad 1 0.0172 2.10E-04 0.1 3.61E-05 37.37 
2 0.0312 2.10E-04 0.1 6.55E-05 67.79 
3 N/D 2.10E-04 0.1 N/D N/D 

111 



Table 3-1 
Average Linear Flow Velocities for the Industrial Area and Vicinity 

1998 dhldl K V V 0 WELL PAIR AREA QTR (gradient) (cmlsec) ne (cmlsec) (ftlyr) 

4 N/D 2.10E-04 0.1 NID NID 
198713586 Mound 1 0.1003 9.33E-05 0.1 9.36E-05 96.82 

2 0.1030 9.33E-05 0.1 9.61E-05 99.43 
3 0.0981 9.33E-05 0.1 9.15E-05 94.70 
4 N/D 9.33E-05 0.1 N/D N/D 

05293 / 3386 Solar Pond 1 0.0546 2.10E-04 0.1 1.15E-04 118.63 
2 0.0527 2.10E-04 0.1 1.11E-04 114.50 
3 0.0521 2.10E-04 0.1 1.09E-04 113.20 
4 N/D 2.10E-04 0.1 N/D N/D 

P218389 I B208089 Solar Pond 1 0.0509 9.33E-05 0.1 4.75E-05 49.14 
2 0.0532 9.33E-05 0.1 4.96E-05 51.36 
3 0.0528 9.33E-05 0.1 4.93E-05 50.97 
4 0.0507 9.33E-05 0.1 4.73E-05 48.94 

2286 145793 Solar Pond 1 Dry 2.10E-04 0.1 N/D NID 

3 N/D 2.10E-04 0.1 N/D N/D 
4 Dry 2.10E-04 0.1 N/D N/D 

2 0.0622 2.10E-04 0.1 1.31E-04 135.15 

1986 / 77492 Solar Pond 1 0.0261 9.33E-05 0.1 2.44E-05 25.19 
2 0.0250 9.33E-05 0.1 2.33E-05 24.13 
3 0.0203 9.33E-05 0.1 1.89E-05 19.60 
4 N/D 9.33E-05 0.1 N/D NID 

P I  14689 / 22896 Industrial Area / PA 1 0.0267 2.1 OE-04 0.1 5.61 E-05 58.01 

3 N/D 2.10E-04 0.1 N/D N/D 
2 0.0225 2.10E-04 0.1 4.73E-05 48.89 

4 0.0221 2.10E-04 0.1 4.64E-05 48.02 
0 

P215789 / P218089 Industrial Area / PA 1 0.0166 2.10E-04 0.1 3.49E-05 36.07 
2 0.0080 2.10E-04 0.1 1.68E-05 17.38 
3 N/D 2.10E-04 0.1 N/D N/D 
4 0.0073 2.10E-04 0.1 1.53E-05 15.86 

P313489 / 61 86 Industrial Area 1 0.0119 2.10E-04 0.1 2.50E-05 25.86 
2 0.0152 2.10E-04 0.1 3.19E-05 33.03 
3 N/D 2.10E-04 0.1 N/D N/D 
4 0.0098 2.10E-04 0.1 2.06E-05 21.29 

4486 / P I  15689 Industrial Area 1 0.0196 2.10E-04 0.1 4.12E-05 42.59 
2 0.0162 2.10E-04 0.1 3.40E-05 35.20 
3 N/D 2.10E-04 0.1 NID N/D 
4 0.0227 2.10E-04 0.1 4.77E-05 49.32 

P415989 / P I  15489 Industrial Area 1 0.0209 2.10E-04 0.1 4.39E-05 45.41 
2 0.0212 2.10E-04 0.1 4.45E-05 46.06 
3 N/D 2.10E-04 0.1 N/D N/D 
4 N/D 2.10E-04 0.1 N/D N/D 

PI 15089 / P I  19389 Industrial Area / PA 1 0.0229 2.1 OE-04 0.1 4.81 E-05 49.76 
2 0.0292 2.10E-04 0.1 6.13E-05 63.44 
3 0.0225 2.10E-04 0.1 4.73E-05 48.89 
4 N/D 2.10E-04 0.1 N/D N/D 

0 
Notes: DRY indicates at least one well was dry for the quarter. 

N/D indicates no data for at least one well for the quarter. 
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Linear flow velocity data from 1998 are more comprehensive than for 1996. Generally, water level data 

were collected for more quarters per well pair in 1998 compared to 1996. Water level data for many well 

pairs were reported for only one quarter in 1996. For well pairs that had more than one quarter of data for 

both years, the velocities generally are less consistent (more variant) from quarter to quarter during 1998 

than for 1996. This is a response to moderate change in hydraulic gradient from quarter to quarter, and 

may be a result of the amount and distribution of precipitation with respect to time. 

In general, velocities for the 24 well pairs vary by less than 25 percent when comparing the same quarters 

from 1996 to 1998. The following exceptions occurred. At well pair 04591/10194, in the vicinity ofthe 

903 Pad, first quarter data reveals an increase in linear flow velocity of approximately 60 percent from 

1996 to 1998, and third quarter data reveals a decrease in flow velocity of approximately 50 percent from 

1996 to 1998. The other exceptions were for well pairs where only one quarter of water level data was 

available for 1996, or only one quarter out of four showed a variance of greater than 25 percent. One 

such exception is well pair P314289/10492, located in the IA/south Buffer Zone, where the first quarter in 

1998 showed an approximately 50 percent increase in linear flow velocity from the same quarter in 1996. 

Another is at well pair P419689P416889, located in the IA, where the second quarter in 1998 showed an 

approximately 60 percent increase in flow velocity from the same quarter in 1996. This indicates that the 

hydraulic gradient was steeper between these well pairs, for these quarters, in 1998. At well pair 

P416289/P416689, located in the IA, second quarter 1998 data revealed an approximately 50 percent 

decrease in flow velocity from 1996 to 1998. At well pair P313489/6186, located in the IA, fourth 

quarter data revealed an approximately 50 percent decrease in flow velocity from 1996 to 1998. This 

indicates that the hydraulic gradient was steeper between these well pairs, for these quarters, in 1996. It is 

interesting to note that the major changes in flow velocities between 1996 and 1998 took place in well 

pairs located in the IA. %s might be expected in the IA versus the Buffer Zone because of all the 

artificial features associated with the IA (building drains, pavement, piping and utility corridors, etc.). 

Velocities reported for 1996 through 1998 are generally higher than velocities reported in pre-1996 

annual RCRA groundwater monitoring reports largely because sitewide mean K values are now employed 

in the calculations instead of individual operable unit mean K values. 

0 

3.3 Well Hydrographs and Water Level Change Maps 

Hydrograph plots for many RFCA water quality wells have been constructed in order to observe changes 

in water table elevation with time (see Appendix B). In addition to illustrating seasonal fluctuations in 

water table elevation, hydrographs are usehl for evaluating long-term trends that might result from either 

artificial activities (plant closure) or natural causes (climatic change). For example, a comparison of IA 
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0 well hydrograph data to background well hydrograph data may suggest whether any of the observed 

trends are natural or artificially induced. Assuming that groundwater levels within the Site have reached 

a quasi-steady state condition since the cessation of production operations in 1989, it is conceivable that 

plant closure activities could cause local water levels to rise or fall, depending on the closure action. 

These changes in water level elevations will be evaluated in hture years using annual and life-of-closure 

water level change maps that will be based on water levels collected during the 1996 baseline year. 

Water levels measured during 1998 were, for the most part, observed to fluctuate within normal limits. 

Some wells, including recharge-sensitive wells such as 20691, 4286, 12191, B200889, and P416689 

exhibited very high recharge peaks during the spring season. In general, for all site wells, water levels 

were higher during the first half of 1998 compared to the second half. Only B-series wells generally 

displayed higher water levels during the second half of 1998. Overall, water levels were higher in 1998 

than in 1996. Water levels in 1996, which were higher than average, were thought to reflect the residual 

influence of the record high water levels experienced in 1995. Sitewide precipitation data from 1993 

through 1998 indicates that precipitation was very high in 1995, 1996 produced near average 

precipitation, 1997 produced well above average precipitation, and 1998 produced near average 

precipitation. The continuing higher than average water levels may be based as much on recurrent high 

precipitation (ample recharge) since 1995 as they are on the residual effects of 1995 and 1997. The 

sitewide scale of this trend, also observed in background wells, implies that climate is the dominant cause 

of water level changes during 1998. 

0 

Water level change maps (Plates 8 and 9) utilizing 1998 and 1996 water level data, are presented here for 

the second time in an annual report. These data are used to compare the 1998 water levels for the second 

(April data) and fourth (October data) quarters to the second and fourth quarter water level data for 1996. 

Data plotted on these water level change maps indicate areas of the site where changes in saturated 

thickness, either positive or negative, have taken place between the two given years. It is important to 

keep in mind that wells that have been purged for sample collection, and have a slow recharge rate, can be 

responsible for a large discrepancy in water level change from 1996 to the year of the current RFCA 

Annual Report. 

The water level change map for the spring quarters of 1996 and 1998 (Plate 8) generally shows that 

almost all changes are positive compared to 1996; there was generally a higher spring water table in 1998 

than in 1996. The central and southern PA has virtually no change from 1996 to 1998. Along the eastern 

PA boundary there is a steep positive gradient of up to 6 feet, then a grading back eastward to almost no 

change by Pond B-2. The northern edge of the PA shows a zero to one-foot positive change from 1996 to 
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0 1998. The west central and western IA generally shows positive water level change (1-3 feet) out to the 

west spray fields where there is virtually no change. Water level changes become positive again to the 

west, up to 3-4 feet, just east of Highway 93 and west of the gravel pits. The northwest portion of the IA 

exhibits positive water level changes of up to 5 feet, and a localized area just west of building 371 (well 

P114589) exhibits positive changes of up to 30-plus feet. Another area of high positive water level 

changes is immediately south and southwest of Building 440, with changes up to 13 feet from 1996 to 

1998. Upgradient of the Present Landfill is an area of 6-8 feet of positive change in the water table 

elevation from 1996 to 1998. Approximately 2500 feet south ofthe Trailer 130 complex is an area of 2 to 

5-plus feet of positive water level change. Additional bullseyes identified on Plate 8 indicate areas of 

significant change, from 1996 to 1998, in water levels for the spring quarter. 

The water level change map for the fall quarters of I996 and 1998 (Plate 9) shows that, in general, there is 

a greater mix of positive and negative water table elevation change throughout the site than presented on 

the spring quarters of 1996 to 1998 water level change map. West of the IA there are only positive 

changes, and east of the IA there are almost all positive changes except for a few isolated areas of 

negative change. The west central IA shows an area of 1-3 feet of negative water level change from 1996 

to 1998. This area of negative change is surrounded by zero change areas from the westem PA trending 

southwest through the southwest portion of the IA, and from the western SEP trending south/southwest 

through the central IA. The eastern third of the IA exhibits an area, from west to east, of 2 feet of positive 

to 2 feet of negative water level change from 1996 to 1998. An area to note is in the vicinity of Cactus 

and First Street where there is a steep gradient, from west to east, from a positive 2 feet to a negative 3 

feet of water level change within a linear distance of approximately 250 feet. In addition, immediately 

west of Building 371 is an isolated area (well P114589) of approximately 30 feet of positive water level 

change from 1996 to 1998. Approximately 2500 feet south ofthe Trailer 130 complex is an area of 2 to 

almost 6 feet of positive water level change. Additional bullseyes on Plate 9 indicate areas of significant 

change, from 1996 to 1998, in water levels for the fall quarter. 

In summary, groundwater flow conditions for 1998 appear to generally resemble flow conditions 

described for recent years with slight variations depending on the location within WETS. This situation 

is not unexpected because only minor plant closure activities have been undertaken to date. The 

variations in water levels and linear flow velocities are probably in response to the timing of water level 

measurements with respect to natural recharge (precipitation), artificial recharge, or artificial dewatering 

events. Artificial events may involve recharge or dewatering related to construction, demolition, onsite 

industrial processes, monitoring well sampling, and building perimeter drain activity or inactivity. The 0 
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0 1996 data set (and to some extent the 1997 data set) will represent the baseline for fbture annual 

evaluations. 
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4.0 GROUNDWATER EVALUATIONS 

4.1 Industrial Area Plume 

4.1.1 Introduction 

The major groundwater evaluation activity in 1998 consisted of an evaluation of four wells in the 

groundwater program that had VOC concentrations that were above action levels. Wells 22696,22796 

and 22896 were installed in 1996. They were part of the original Industrial Area IWIRA monitoring 

program to serve as monitoring points for possible groundwater contamination emanating from the 700 

building complex during D&D activities. At the time of installation, it was not anticipated that these 

wells would discover pre-existing groundwater contamination. Well P2 191 89 was installed in 1989 and 

is located north of Building 774 near Bowman’s Pond. Figure 4-1 shows the location ofthese wells. 

Data f?om well 22696 has shown Trichloroethene (TCE) concentrations above Tier I1 action levels. 

Table 4-1 shows the latest 1998 data for this well. The TCE concentration, although low, is in an area that 

has not been investigated for possible groundwater contamination. Well 22796 shows concentrations of 

TCE above Tier I1 action levels. This well is also in an area that has not been investigated for 

groundwater contamination. Well 22896 was installed near Building 559. This well shows TCE 

concentrations above Tier I action levels. Well P209189 has historically shown 1,l dichloroethene 

(l,l,  DCE) above Tier I1 action levels. Carbon tetrachloride (carbon tet) is also seen in this well. This 

well is one of the few wells on Site that contains anomalous concentrations of 1 , I  -DCE. 

The location of these wells near flowing streams suggested that a potential impact to surface water may 

be possible. Wells 22796 and P219189 are near the Walnut Creek drainage, though the stream has been 

re-routed through culverts in the general area. Wells 22696 and 22896 are upgradient of a small tributary 

stream that flows north to Walnut Creek on the east side of Building 371. Th~s  stream is fed by a number 

of pipes and culverts along its path and therefore does not depend upon groundwater influx as it’s only 

source of recharge. Well 1986 is a routine monitoring well located near this stream which showed TCE 

above action levels (28 pg/L) for the first time in ten years (see Figure 4-1). Because of this, the previous 

sample result was used pending confirmation of the October sample. 

To investigate potential impacts to surface water, a line of temporary wells were installed between the 

anomalous wells and the streams. Twenty-three wells were installed that were spaced approximately one 
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0 hundred feet apart. The WETS Geoprobe unit was used to install the one inch diameter wells, which 

were completed below ground surface and protected by a flush mounted metal cap. The wells were 

installed in or on the side of two existing paved roads, to allow for sampling access. Ten wells were 

installed in an east-west direction to cover the potential groundwater pathways from wells P2 191 89 and 

22796. The rest of the wells were installed on a southwest-northwest line that would define groundwater 

pathways downgradient of wells 22696 and 22896. The wells were sampled for VOCs as these are the 

only compounds that exceed action levels. The wells were installed in the third quarter, and sampled 

during the fourth quarter of 1998. Table 4-1 shows the results of the fourth quarter sampling for the 

temporary wells, which are numbered 20098-22298. Also in support of the evaluation effort, in the first 

quarter of 1999, well 77492 was sampled and a stream sample was taken near well 1986. 

4.1.2 Hydrogeology 

The line of temporary wells is located in an area that was originally composed of hillslope colluvium 

where it interfingers with valley fill alluvium materials near Walnut Creek and the small tributary stream. 

Cut and fill activities during construction of the 700 building complex have resulted in areas of fill which 

are composed dominantly of colluvial material. As such, the dominant lithology in the wells is sandy clay 

and clayey sand which is interbedded with one half to three foot intervals of clayey to sandy gravel. 

These gravel intervals are thought to be the edge of the valley fill alluvium which probably does not 

extend much farther upslope of the Geoprobe line. For this reason these coarser intervals were not 

factored into the flux calculations discussed in a later section. The Geoprobe holes were taken down to 

the bedrock contact and the wells were screened so as to include the contact in the screened interval. 

Wells 2 1998,22098 and 22 198 did not intersect bedrock due to refusal problems. Bedrock lithology in 

this area is typically a moderately weathered claystone. Figure 4-1 contains the potentiometric surface for 

the north IA based on water levels taken in the fourth quarter of 1998. In general the potentiometric 

surface mimics the topography, and suggests that groundwater flow from the 700 building complex can 

head northwest, north and northeast. 

0 

4.1.3 Evaluation of Sampling Results 

The results of the VOC sampling from the temporary wells have been summarized in Table 4-1. Only 

those VOC compounds for which significant concentrations were detected are listed. In addition, data 

from other wells in the area is included in Table 4-1 for the purposes of assessing the possible nature and 

extent of the groundwater contamination. The concentrations of TCE, carbon tet, chloroform, I , l-DCE 

and vinyl chloride are presented in Figures 4-2 through 4-6, respectively. It can be seen that the 

groundwater contamination seen in the area can be related based on the dominant VOCs detected. 

0 
November, 1999 I19 0' 



Table 4-1 
Volatile Organic Compounds in Groundwater North IA Plume 

120 



RFmMm-99-433. UN 
1998 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

The following is a breakdown of the data with respect to nature and extent of contamination: Wells 

21599,21699,21799 and 21899 are dominated by TCE with attendant PCE and vinyl chloride 

concentrations above Tier I1 action levels. The VOC signature in these wells is similar to VOCs found in 

wells 22698 and 22898. Recent plume concentration maps generated as part of the 1997 Annual 

Groundwater Monitoring Report (DOE, 1998) have associated well 22896 with the northern extent ofthe 

IA VOC plume, and the high concentration of TCE suggests a nearby source. With the addition of the 

temporary well data, it now appears that the northern IA plume extends farther north than originally 

thought and is in a position to have contact with the stream in this area. Figure 4-2 shows the spatial 

relation of TCE detections to the north IA . 

Wells 20898,20998,21098,21198, and 21298 are dominated by carbon tet with attendant chloroform 

above Tier I1 action levels. There is no TCE or PCE in these wells, which suggests a different source for 

the groundwater contamination in this area. Figures 4-3 and 4-4 show the concentration of carbon tet and 

chloroform in the north IA. Table 4-1 includes the recent data collected from the natural attenuation 

project for MSS  118.1 (RMRS, 1999d). IHSS 118.1 is a former carbon tet tank location which 

experienced numerous historic spills andor leaks. The tank has since been removed. A drilling and 

sampling program was designed at MSS 1 18.1 to collect the data necessary for decision making with 

respect to natural attenuation. Eight wells were installed in a pattern so as to have two wells upgradient of 

the DNAPL source, and three wells along an east-west line where two wells were in the source, and one 

well was located cross gradient to the source (see Figure 4-9). The remaining three wells were installed 

in a line approximately 60 to 70 feet downgradient from the source. The wells were installed in February 

1999 and the first round of sampling was completed by the end of March. In addition, VOC samples 

were taken of two manholes and one pipe outfall, that are thought to be associated with the Building 771 

footing drain system, which lies on the south side of Building 77 1. Building 77 1 is approximately 120 

feet due north of the IHSS 1 18.1 source and the footing drain is thought to be intercepting a portion of the 

VOC plume. Figure 4-1 shows the location of the wells and other sampling locations. 

The VOC signature from the MSS 1 18.1 wells matches the VOC signature from the temporary wells 

listed above. Because chloroform is a breakdown product of carbon tet, it is predictable that these two 

compounds would occur together. Carbon tet was also found above Tier I1 action levels in sample 

771FDOUT #2 which is from an outfall pipeline thought to be related to the 771 footing drain system (see 

Figure 4-3). Based on the information at hand, it appears that carbon tet plume from IHSS 118.1 is 

migrating westward towards the stream in concentrations that could impact surface water. In addition, 

there is evidence that the plume is being captured in part by the 771 footing drain system. Wells 1986 and 

77492 lie due west and northwest of the carbon tet plume as seen in the temporary wells. Groundwater 
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sample data from these wells, and a stream sample taken near well 1986 showed no detections for VOCs. 

If a pathway to surface water exists here, it must be between these two locations. 

Given the evidence for a groundwater pathway to the west of MSS 11 8.1, existing data was evaluated to 

determine if additional pathways may exist to the north and east of the latter. Wells 20198, 20098, 22198, 

and 22298 were installed to determine if a pathway form the carbon tet plume to surface water existed in 

this area. Data from these temporary wells shows no detections for VOCs. Table 4-1 and Figures 4-2 

through 4-6 also show data from existing wells located to the east of IHSS 1 18.1. Well P209289 is east 

of IHSS 11 8.1 and shows the same VOC signature as other wells associated with the carbon tet plume. 

Wells P210189, P209489,2286 and 45893 show carbon tet and chloroform above Tier I1 action levels, 

but also contain TCE above Tier I1 action levels. In fact both TCE and carbon tet have hstorically been 

above Tier I action levels in well P210189. Well 5687, which is located to the south of well P210189 has 

high TCE and very low concentrations of carbon tet. The data suggest that wells in this cluster are 

possibly being affected by multiple sources; a TCE source and a carbon tet source. It is possible that 

IHSS 118.1 is contributing the carbon tet that is found in this area. 

Well 45893 is north ofthe possible TCE source and northwest of IHSS 118.1. This is the farthest well to 

the north that shows both TCE and carbon tet. Well 30595 is farther north outside the PA, near the 

Walnut Creek drainage and does show TCE above Tier I1 action levels. It is possible that a pathway 

exists in the area of these two wells. Given that the Solar Evaporation Ponds (SEPs) groundwater 

collection and treatment system is being installed in this area, this pathway may no longer require 

additional investigation. Well P2 19 1 89 is north of MSS  1 18.1 and does show carbon tet above Tier I1 

action levels. However, temporary wells to the north of this well do not show any carbon tet. 

0 

The third area of groundwater contamination is located due north of Building 771and involves temporary 

wells 20498, 20598 and 20698. These three wells show detections of vinyl chloride above Tier I1 action 

levels. Well 20498 also shows TCE above Tier I1 action levels and well 20698 shows 1,l-DCE above 

Tier I1 action levels. The VOC signature for well 20698 closely matches existing well 22796 in that both 

wells show TCE concentrations. Well 20498 is similar to well P219189 in that they both contain 1,l- 

DCE above action levels. However, the two wells differ in that well 20498 contains TCE as opposed to 

P2 19 189, which contains carbon tet above Tier I1 action levels. 

4.1.4 Plume Flux Calculations 

0 Plume flux estimates were made to establish the potential impact to surface water from the three 

contaminant plume areas referenced above and identified from the Geoprobe drilling project. Table 4-1 
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0 was used to derive the total concentration of VOCs detected in each well. Table 4-2 presents the results 

of calculations to determine the flux of contaminated groundwater to the stream. 

Saturated thickness was determined by estimating the feet of water column between the water table 

elevation and the bottom of the screen. Since all wells are screened primarily in alluvial materials, the 

bedrock portion of the borehole is typically only a foot or less in thickness. 

Transmissivity was calculated by using the saturated thicknesses derived from both fall and spring water 

levels and using estimates of hydraulic conductivity for colluvial materials from the 1995 Hydrogeologic 

Characterization Report (EG&G, 1995b). Transmissivities were calculated using the minimum, 

maximum and geometric mean hydraulic conductivities found in Table G-2 of the Hydrogeologic Report 

(EG&G: 1995b). Colluvial materials at WETS are variable in composition both in the vertical dimension 

in the borehole, but also in the horizontal dimension. Therefore, no attempt was made to make 

adjustments to hydraulic conductivity based on lithologic changes seen in the colluvium. 

The estimated discharge was calculated on a per well basis using the mean transmissivity values for fall 

and spring periods. The hydraulic gradient was estimated using the difference between water levels in 

wells 22896 and the elevation of the stream near Geoprobe well 21598. Th~s gradient was used for all 

wells due to the paucity of upgradient wells available in the area and the complications caused by 

buildings and associated alterations to the topography. The length perpendicular to flow was set at 100 

feet, which is the distance between the temporary wells. Total discharge for the three contaminant plumes 

is seen at the bottom of Table 4-2. 

Using the calculated discharge, and the total VOC concentration data in Table 4-1, an estimate of 

contaminant load was calculated in Table 4-2. Loads were calculated using both spring and fall data and 

the total load for each plume OCCUTS at the bottom of the table. Using the load and discharge estimates, a 

total flux of VOC contaminants is calculated. The wells involved in each plume are labelled and outlined 

with a dark line in Table 4-2. The flux for the TCE plume is 0.001 Kg/day, 0.015 Kg/day for the carbon 

tet plume, and 0.001 Kg/day for the vinyl chloride plume. 

4.1.5 Conclusions and Recommendations 

The results of this investigation suggest that groundwater contamination above groundwater action levels 

exists in the general area of the unnamed tributary drainage to Walnut Creek in the IA. Well 1986, 

located in the drainage itself, does not show VOC concentrations above action levels, nor did a surface 

water sample collected in the stream adjacent to well 1986. Well 77492 also shows no VOC detections, 0 
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0 but the well is located in an area of artificial fill and where the stream is in a culvert, so the well may not 

be representative of natural hydrologic conditions. This small tributary stream receives influent from a 

number of pipes and culverts which may serve to dilute the effects of any groundwater recharge to the 

stream. 

The line of Geoprobe wells appears to have adequately characterized the nature and extent of 

groundwater contamination in the area of the tributary drainage. Additional evaluation may be necessary 

to establish pathways for the carbon tet plume to the east and north of MSS 1 18.1. There is evidence 

that a portion of the carbon tet plume has moved eastward from the source and possibly intermingled with 

another VOC plume north of Building 779. Also, well P2 191 89 has carbon tet above action levels which 

may suggest a pathway from the carbon tet plume to the north. The current well installation program for 

the D&D monitoring of Building 77 1 may add information on the extent of the carbon tet plume. In 

addition, a well installation program is also planned for Building 776/777 D&D monitoring in WOO 

which should help define potential pathways for groundwater contamination. 

The cumulative contaminant flux to surface water from the three groundwater plume areas defined 

amounts to approximately 14 grams per day. Given the low flow from the outfall pipe that did show 

detections for VOCs it can be assumed that t h s  pathway provides little added impact to surface water if 

the pipe is not being used. Efforts will be made to ascertain whether this outfall has been abandoned and 

whether it is capable of higher flow rates at certain times of the year. 

0 

4.2 PU&D Yard Plume Investigations 

In 1997, the Site conducted a field investigation into the nature and extent of VOC groundwater 

contamination found in upgradient monitoring wells at the Present Sanitary Landfill. Th~s investigation 

resulted in the identification of the PU&D Yard as the probable source area and implicated the landfill 

groundwater intercept and diversion system as an important factor in contributing to longitudinal plume 

spreading (Figure 4-7). The results of this evaluation were summarized in the 1997 Annual RFCA 
Groundwater Monitoring Report (DOE, 1998). Further investigation into the function of the groundwater 

intercept and diversion system and it's possible role in collecting and discharging PU&D Yard plume 

contaminants downgradient of the landfill were undertaken in 1998. This section summarizes the results 

of the 1998 investigation, including field observations of drain valving, flow, and analytical results of 

samples collected at the drain outfalls in 1998 and 1999. 
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0 Figure 4-8 illustrates the layout of the groundwater intercept and diversion system. Information presented 

in the Phase IRF.I/RI Work Plan for Operable Unit No. 7 - Present Sanitavy LandJill (DOE, 1991) and 

other Operable Unit 7 documentation contain engineering design specifications and a hydrologic analysis 

of system effectiveness, but contain little information on system operation, such as valving configurations 

and discharge data. Discharge at drain outfalls SW099 and SWl 00 located below the landfill pond dam is 

usually minimal or absent despite evidence, such as an abundance of valley head-cut seeps in pre-landfill 

aerial photographs, that suggest flow should be greater than currently observed assuming proper drain 

function. Explanations for the lack of appreciable discharge at these outfalls involve at least four 

scenerios: 1) discharge is currently routed toward the landfill pond by valving and piping shown in design 

drawings, 2) the lines have been broken or breached during normal landfill operations resulting in 

subsurface releases of drain water to refuse materials, 3) the drain system was never properly functional 

because of leakage caused by geological irregularities, design or installation flaws, or other potential 

shortcomings, and 4) groundwater levels at the perimeter of the landfill drop below the elevation of the 

groundwater diversion system drainpipe during extended periods during the year. 

For these reasons, a preliminary investigation into drain operation was undertaken to gain additional 

information on the fate of groundwater collected by the system. This investigation consisted of a records 

search to uncover additional documentation on the historical operation and valve configuration; a field 

search to locate valves, drain line locations, and drain outfall locations at the landfill pond; and a 

monitoring program for sampling groundwater flow issuing from SW099 and SW100. 

A records search resulted in the disclosure of no new information relevant to drain operation beyond that 

contained within DOE (1 991). The field survey, however, was more successful resulting in the location 

of valving for both the north and south intercept lines, the location of apparent pond line locations 

indicated by subtle changes in topography and vegetation leading from the valves, and location of the 

south pond drain outfall during a period of low pond stage (May 1999). Significantly, no discharge was 

observed at this outfall during a time when SW099 and SWlO0 were both flowing. 

Observation of drain outfalls SW099 and SWl 00, located on Figure 4-8, was conducted at roughly 

monthly intervals during the Fall and Winter of 1998, and Spring of 1999. In December 1998, a 

sufficient amount of flow was observed at SW099 (0.007 gallons per minute [gpm] on 124 8/98) to justify 

sampling for VOCs. The SWlOO outfall was dry during all site visits prior to April 1999, except for 

incident precipitation which had built up inside the weir box. On April 29, 1999, flows from both outfalls 

were observed and a complete sample set was collected for VOCs, metals, radionuclides (Pu-239/240, 

Am-24 1, uranium isotopes, and tritium), and water quality parameters (total dissolved solids, sulfate, 0 
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0 fluoride, and nitratehitrite). Discharges of 0.5 gpm at SW099 and 1.3 gpm at SWlOO were measured 

prior to sampling. 

Table 4-3 presents the analykal results of the 1998 and 1999 sampling events at SW099 and SW100. 

VOCs characteristic of PU&D Yard groundwater contamination were not detected in samples collected at 

either outfall. Dissolved metals, water quality constituents, Pu-239/240, Am-24 1, and tritium were all 

found below Tier I1 action levels. The uranium isotope U-233/234 was detected above the Tier 11 action 

level at 1.2991 pCiL in SW100, but below the Tier I1 action level at SW099 (0.9358 p C a ) .  U-235 was 

detected below the Tier I1 action level and U-23 8 was detected above the Tier I1 action level at both 

locations. In all cases, the reported uranium isotope activities were well below their respective 

background M2SD activities and, as such, are not reportable values. The information collected thus far 

indicates that the PU&D Yard VOC plume does not contribute significant concentrations of contaminants 

to the landfill groundwater intercept and diversion system. Monitoring of the drain outfalls will be 

continued in 1999 to further investigate the potential impact of PU&D Yard contamination on 

groundwater and surface water quality downgradient of the landfill. 

4.3 Carbon Tetrachloride Plume 0 
This section summarizes the progress on the IHSS 1 18.1 carbon tetrachloride plume natural attenuation 

study, which was initiated in FY99. The object of this report is to provide sample results for the suite of 

analytes that were sampled in the first sampling round and determine whether the suite should be 

modified given the results obtained. The overall goal of the project is to characterize the potential for 

natural attenuation as a significant factor in the remediation strategy for the IHSS 11 8.1 Dense Non- 

Aqueous Phase Liquid (DNAPL) source. Carbon tet is the main contaminant of concern at IHSS 11 8.1 

and is the result of spills related to a carbon tet storage tank, which has been subsequently removed. 

Characterization work was initiated in 1997 to identify the extent of the DNAPL source and determine the 

feasibility of extracting the DNAPL through pumping or excavation. Source removal was postponed 

because it is presently unfeasible to excavate the source due to the number of active process pipes that run 

through the source area. The decision was then made to evaluate the potential for the carbon tet plume to 

be effected by natural attenuation processes. 
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Table 4-3 Groundwater Intercept System Analytical Data 
Present Sanitary Landfill/PU&D Yard 

Location Sample Sample # Analyte Result Units Lab Detection Validation 
Date Qualifier Limit Qualifier 

SW099 

0 
SW099 
SW099 

SW099 
SWIOO 

sw IO0 
SWlOO 

SWIOO 

SW099 

SW099 

SW099 
SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

s w w  
SW099 

SW099 
SW099 

SW099 

SW099 
SW099 

SW099 

SW099 
s w 0 9 9  

SW099 

SW099 
SW099 

SW099 
SW099 

SW099 

SW099 

SW099 
SW099 
SW099 

SW099 
SW099 
SW099 
SW099 

SW099 
SW099 

s w 0 9 9  

SW099 

4/29/99 

4/29/99 

4129199 

4129199 

4129199 

4/29/99 

4/29/99 
4/29/99 

12130198 

I2130198 

1230198 
12130198 
I2130198 

12l30198 

I2130198 

I2130198 
12130198 

12130198 

1 2/30/98 
12/30/98 
12130198 

I2130198 
I2130198 

12130198 

12130198 

12130198 

12130198 

12130198 

12130198 

12130198 

12130198 
lU30198 

12130198 
12130198 
I2130198 
12130198 

12130198 

12130198 

12130198 
12130198 

12130198 

I2130198 

12130198 
12130198 

12130198 
12130198 
I2130198 

12130198 
12130198 

12130198 

12130198 
12/30/98 

GW06353TE 

GW06353TE 

GW06353TE 

GW06353TE 

GW06354TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06 I98TE 
GW06198TE 

GW06198TE 
GW06198TE 

GW06 198TE 

GW06 198TE 

GW06198TE 
GW06198TE 

GW06198TE 

GW06198TE 

GW06I 98TE 
GW06198TE 

GW06198TE 
GW06198TE 
GW06198TE 

GW06 198TE 

GW06198TE 

GW06 I98TE 
GW06198TE 

GW06198TE 

GW06198TE 

GW06 l98TE 
GW06 198TE 

GW06 198TE 

GW06198TE 
GW06198TE 

GW06198TE 

GW06198TE 
GW06198TE 

GW06 198TE 
GW06 I981E 
GW06198TE 

GW06 1 98TE 

GW06198TE 

GW06 198TE 
GW06198TE 
GW06198TE 
GW06198TE 

GW06198TE 
GW06198TE 
GW06198TE 

GW06198TE 
GW06 198TE 
GW06198TE 

FLUORIDE 

NITRATENITRITE 

SULFATE 

TOTAL DISSOLVED SOLIDS 

FLUORIDE 

NITRATE/NITRITE 
SULFATE 

TOTAL DISSOLVED SOLIDS 

I,1,1,2-TETRACHLOROETHANE 
1, I ,  1 -TRICHLOROETHANE 

1 , I  ,2,2-TETRACHLOROETHANE 

1 ,l,2-TRICHLOROETHANE 
I,I-DICHLOROETHANE 

I ,  I -DICHLOROETHENE 

1,l -DICHLOROPROPENE 
I,2,3-TRICHLOROBENZENE 

I,2,3-TRICHLOROPROPANE 
I,2,4-TRICHLOROBENZENE 

1,2-DIBROMOETHANE 
I ,2-DICHLOROBENZENE 
1.2-DICHLOROETHANE 

1,2-DICHLOROPROPANE 
1.3-DICHLOROBENZENE 

1,3-DICHLOROPROPANE 

1,4-DICHLOROBENZENE 

2,2-DICHLOROPROPANE 
4-ISOPROPYLTOLUENE 

BENZENE 

BENZENE, I ,2,4-TRIMETHYL 

BENZENE, 1,3,S-TRIMETHYL- 

BROMOBENZENE 
BROMOCHLOROMETHANE 
BROMODICHLOROMETHANE 

BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 

CHLOROBENZENE 

CHLOROETHANE 

CHLOROFORM 
CHLOROMETHANE 
cis- I ,2-DICHLOROETHENE 

cis-l,3-DICHLOROPROPENE 
DIBROMOCHLOROMETHANE 
DIBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
ETHYLBENZENE 

HEXACHLOROBUTADIENE 

ISOPROPYLBENZENE 
METHYLENE CHLORIDE 

NAPHTHALENE 
n-BUTYLBENZENE 
n-PROWLBENZENE 

0.4 

0.19 

40 

380 
0.4 1 

0.05 

58 
260 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

MGiL 

MGiL 

MGiL 

MGIL 

MGiL 
MGiL 
MGIL 

MGiL 

UGIL 
UGIL 

U G L  

U G L  
UGiL 

U G L  
UGiL 
UGiL 

UGiL 
UGIL 

UGiL 
UGIL 

UGIL 

UGIL 
UGiL 

UGIL 

UGIL 

UGiL 

UGIL 

UGiL 

UGiL 
UGIL 
UGiL 

UGIL 
UGiL 
UGiL 

U G L  
U G L  
UGIL 

UGIL 
UGiL 
UGiL 

U G L  
UGiL 
U G L  
UGIL 
UGiL 

UGiL 
UGIL 
UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

U 

U 
U 
U 
U 
U 

U 
U 

U 
U 
U 
U 
U 

U 
U 
U 
U 

U 
U 
U 
U 
U 

U 
U 

U 

U 
U 
U 
U 
U 

U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 

0.05 

0.05 
1 

IO 
0.05 

0.05 

1 
IO 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 
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Table 4-3 Groundwater Intercept System Analytical Data 
Present Sanitary Londfill/PU&D Yard 

Location Sample Sample # Analyte Result Units Lab Detection Validation 
Date Qualifier Limit Qualifier 

SW099 12130/98 GW06198TE o-CHLOROTOLUENE I U G L  U 1 

SW099 12130198 GW06198TE p-CHLOROTOLUENE 1 U G L  U I 
SW099 12130198 GW06 198TE PROPANE, I ,2-DIBROMO-3-CHLORO- 1 UGIL U 1 RI 
SW099 l2J30198 GW06198TE ' sec-BUTYLBENZENE 1 U G L  U 1 
SW099 12130198 GW06198TE STYRENE 1 U G L  U 1 

SW099 I2130198 GW06198TE tert-BUTYLBENZENE 1 U G L  U 1 
SW099 12130198 GW06198TE TETRACHLOROETHENE 1 U G L  U 1 

SW099 12130198 GW06198TE TOLUENE 1 UGIL U 1 

SW099 12130198 GW06198TE TOTAL XYLENES 1 UGIL U I 
SW099 I2130198 GW06198TE trans-l,2-DICHLOROETHENE 1 UGIL U 1 

SW099 12130198 GW06198TE trans-I ,3-DICHLOROPROPENE 1 U G L  U 1 

SW099 12130198 GW06198TE TRICHLOROETHENE 1 UGIL U 1 

SW099 12130198 GW06198TE TRKHLOROFLUOROMETHANE 1 UGIL U 1 
SW099 12130/98 GW0619XTE VINYL CHLORIDE 1 UGIL U 1 

SW099 4/29/99 GWO6353TE I ,  1 . I  .2-TETRACHLOROETHANE I UGIL U 1 VI 
SW099 4129199 GW06353TE I ,I,I-TRICHLOROETHANE I UGIL U 1 VI 
SW099 4129199 GW06353TE 1 , I  ,2,2-TETRACHLOROETHANE 1 UGIL U 1 VI 
SW099 4129199 GW06353TE Ij1.2-TRICHLOROETHANE I 

SW099 4/29/99 GW06353TE I ,I-DICHLOROETHANE I UGIL U 1 VI 
SW099 4129199 GW06353TE 1 ,I-DICHLOROETHENE 1 UGIL U 1 VI 
SW099 4/29/99 GW06353TE 1 ,I-DICHLOROPROPENE 1 UG1L U 1 VI 
SW099 4/29/99 GW06353TE 1,2,3-TRICHLOROBENZENE 1 UGIL U 1 UJI 

SW099 4129199 GW06353TE 1,2,3-TRICHLOROPROPANE I UGiL U 1 VI 

SW099 4/29/99 GW06353TE 1.2,4-TRICHLOROBENZENE 1 UGIL U I UJI 

SW099 4/29/99 GW06353TE 1,2-DIBROMOETHANE 1 UGiL U 1 VI 

SW099 4/29/99 GW06353TE 1,2-DICHLOROETHANE 1 UGIL U 1 VI 
SW099 4129199 GW06353TE 1.2-DICHLOROPROPANE 1 UGIL U 1 VI 

SW099 4129199 GW06353TE I,3-DICHLOROPROPANE 1 UGIL U I VI 

SW099 4129199 GW06353TE 2.2-DICHLOROPROPANE 1 UGIL U I VI 
SW099 4129199 GW06353TE 4-ISOPROPYLTOLUENE 1 UGIL U 1 UJI 

SW099 4129199 GW06353TE BENZENE 1 UGJL U 1 UJI 

SW099 4129199 GW06353TE BENZENE, I ,2,4-TRIMETHYL 1 UGIL U 1 UJI 

SW099 4129199 GW06353TE BENZENE, I,3,5-TRlMETHYL- 1 UGIL U 1 UJI 

SW099 4/29/99 GW06353TE BROMOBENZENE I UG/L U I UJI 

SW099 4129199 GW06353TE BROMOCHLOROMETHANE 1 UGIL U 1 VI 
SW099 4/29/99 GW06353TE BROMODICHLOROMETHANE 1 UGIL U 1 VI 
SW099 4/29/99 GW06353TE BROMOFORM 0 1  U G L  J 1 v1 
SW099 4129199 GW06353TE BROMOMETHANE 1 U G L  U 1 VI 
SW099 4/29/99 GW06353TE CARBON TETRACHLORIDE 1 UGIL U 1 VI 

SW099 4129199 GW06353TE CHLOROBENZENE I UGIL U 1 UJI 

SW099 4/29/99 GW06353TE CHLOROETHANE I UGIL U 1 VI 
SW099 4129199 GW06353TE CHLOROFORM 1 UGIL U 1 VI 
SW099 4129199 GW06353TE CHLOROMETHANE 1 UGIL U 1 VI 
SW099 4129199 GW06353TE CIS-I ,2-DICHLOROETHENE I UGIL U 1 VI 
SW099 4129199 GW06353TE CIS- 1,3-DICHLOROPROPENE 1 UGIL U I VI 
SW099 4129199 GW06353TE DIBROMOCHLOROMETHANE 1 UGIL U 1 VI 
SW099 4129199 GW06353TE DIBROMOMETHANE 1 UGIL U 1 VI 
SW099 4129199 GW06353TE DICHLORODIFLUOROMETHANE 1 UGiL U 1 VI 
SW099 4129199 GW06353TE ETHYLBENZENE 1 U G L  U 1 UJI 

SW099 4129199 GW06353TE HEXACHLOROBUTADJENE 1 UGIL U 1 VI 

0 

UGIL U 1 Y' 

SW099 4/29/99 GW06353TE I,2-DICHLOROBENZENE I UG/L U I UJ1 0 
SW099 4/29/99 GW06353TE I,3-DICHLOROBENZENE 1 UGIL U 1 UJI 

SW099 4/29/99 GW06353TE 1,4-DICk€LOROBENZENE 1 UGiL U 1 UJI 

0 
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Table 4-3 Groundwater intercept System Analytical Data 
Present Sanitary Landfill/PU&D Yard 

Location Sample Sample # Analyte Result Units Lab Detection Validation 
Date Qualifier Limit Qualifier 

SWO99 

SW099 

SW099 
SW099 

SW099 
SWO99 
SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

SW099 

SW099 
SW099 

SWO99 
SW099 
SWlOO 

SWlOO 
SWIOO 

SWlOO 
SWlOO 
SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 
SWIOO 
SWlOO 

SWIOO 

SWlOO 

SWlOO 
SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 
SWIOO 

SWlOO 
SWIOO 

SWlOO 

SWlOO 
SWIOO 

SWlOO 
SWIOO 
SWlOO 
SWlOO 
SWlOO 

4129199 

4129199 

4129199 

4/29/99 
4129199 

4/29/99 
4/29/99 
4129199 

4129199 

4129199 

4129199 

4129199 

4129199 

4129199 

4/29/99 

4129199 
4129199 

4/29/99 
4/29/99 

4129199 

4129199 
4129199 

4 1 2 9 I 9 9 
4/29/99 
412 919 9 

4/29/99 

4/29/99 

4129199 

4129199 
4/29/99 
4/29/99 

4/29/99 

4 / 2 9 / 9 9 

4129199 

4129199 

4/29/99 

4/29/99 

4129199 

4129199 

4129199 

4/29/99 
4/29/99 
4/29/99 
4/29/99 

4129199 
4129199 
4/29/99 
4/29/99 

4/29/99 
4129199 
4129i99 
4129199 
4/29/99 

GWO6353TE 

GW06353TE 

GW06353TE 
GWO6353TE 

GWO6353TE 

GW06353TE 
GWO6353TE 

GW06353TE 

GWO6353TE 

GWO6353TE 

GW06353TE 

GWO6353TE 

GW06353TE 

GW06353TE 

GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 
GW06354TE 

GW06354rE 

G WO63 54TE 

GW06354TE 
GW06354TE 
GW06354TE 
GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 
GW06354TE 

GWQ6354TE 
GW06354TE 

GW06354TE 

GW06354TE 
GW06354TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 
GW06354TE 

GW 063 54TE 
GW06354TE 
GW063S4TE 

GW06354TE 
GW063S4TE 
G W06354TE 

GW06354TE 
GW06354TE 
GW06354TE 
GW06354TE 
GW06354TE 

ISOPROPYLBENZENE 

METHYLENE CHLORIDE 

NAPHTHALENE 
n-BUTYLBENZENE 

n-PROPYLBENZENE 

0-CHLOROTOLUENE 
p-CHLOROTOLUENE 
PROPANE, 1.2-DIBROMOS-CHLORO- 

sec-BUTYLBENZENE 

STYRENE 

tert-BUTYLBENZENE 

TETRACHLOROETHENE 
TOLUENE 

TOTAL XYLENES 

trans- 1,2-DICHLOROETHENE 
trans- 1,3-DICHLOROPROPENE 

TRICHLOROETHENE 

TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
I,1,1,2-TETRACHLOROETHANE 
I ,  1,1 -TRICHLOROETHANE 

1,1.2,2-TETRACHLOROE~ANE 
I ,  I ,2-TRICHLOROETHANE 

1 ,I-DICHLOROETHANE 

I .  1 -DlCHLOROETHENE 

1 ,I -DICIILOROPROPENE 
1.2,3-TRICHLOROBENZENE 

1,2,3-TRICHLOROPROPANE 

1,2,4-TRICHLOROBENZENE 
1.2-DIBROMOETHANE 

1.2-DICHLOROBENZENE 

1.2-DICHLOROETHANE 

I .2-DICHLOROPROPANE 

I .3-DICHLOROBENZENE 
I .3-DICHLOROPROPANE 

I ,4-DICHLOROBENZENE . 
2,2-DICHLOROPROPANE 

44SOPROPYLTOLUENE 

BENZENE 

BENZENE, 1,2,4-TRIMETHYL 

BENZENE, 1.3,5-TRIMETHYL- 
B ROMOBENZENE 
BROMOCHLOROMETHANE 
BROMODICHLOROMETHANE 

BROMOFORM 
BROMOMETHANE 

CARBON TETRACHLORIDE 
CllLOROBENZENE 

CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CIS- I ,2-DICHLOROETHENE 
CIS- 1.3-DICHLOROPROPENE 

I 

0.09 
1 

1 

1 

1 

1 

1 

I 

1 

1 

I 

I 

1 

1 
1 

1 

I 

I 

1 

I 

1 

1 
I 

1 

1 

I 

1 

1 

I 

1 

1 

1 

1 

1 

1 

I 

1 

I 

1 

1 

1 

1 

1 

1 

1 

I 

1 

I 

1 

I 

1 

1 

UGLL 

UGiL 

UGiL 

U G L  
U G L  

UGiL 
UGIL 
UGIL 

UGIL 

UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

UGiL 

UGIL 
UGIL 

UGIL 
UGIL 
UGIL 

UGIL 

UGIL 
UGIL 

UGIL 
UGIL 
UG1L 

UGIL 

UGIL 

UGIL 
UG/L 

UGIL 

UGiL 

UG1L 

UGIL 

UGIL 
UGIL 

UGIL 

UGIL 

UGiL 

UGlL 

UGiL 

UGIL 
UGIL 
UGIL 
U G L  

UGlL 
UGIL 
UGIL 
UGIL 

U G L  

UG1L 
UGIL 

UGIL 

U 

BJ 
U 
U 
U 
U 
U 
U 

U 

U 
U 
U 
U 
U 
U 

U 
U 

U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

1 

1 

1 
1 

I 

1 

I 

1 

1 

1 
1 

1 

I 

1 

1 

1 

1 

I 

I 

I 

1 

1 

1 

1 

I 

1 

1 

I 

1 

1 

1 

1 

1 

1 

I 

I 

I 

1 

1 

1 

1 

1 

1 
I 

1 

1 

1 
I 

I 

1 

1 

1 

1 

UJI 

JBI 

UJ 1 

UJ 1 

UJI 

UJ 1 

UJI 

R1 
UJI 

UJI 
UJ1 

VI 
UJI 

UJI 
v 1  

VI 
VI 
VI 
VI 
VI 
VI 
v1 
v1 
VI 
VI 
VI 

UJI 
VI 
UJ I 
VI 

UJI 
VI 
VI 

UJl 

VI 
UJI 
VI 

UJI 

UJl 
u3 1 

UJI 
UJI 
v1 
VI 
v1 
VI 
VI 

UJ1 
VI 
VI 
VI 
VI 
VI 
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Table 4-3 Groundwater Intercept System Analytical Data 
Present Sanitary Landfill/PU&D Yard 

Location Sample Sample # Analyte Result Units Lab Detection Validation 
Date Qualifier Limit Qualifier 

SWlOO 
SWlOO 

SWlOO 
SWIOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 
SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 

SWlOO 
SWlOO 

SWlOO 

SWIOO 

SWlOO 

SWlOO 

SWIOO 

SWlOO 

SWlOO 
SWIOO 

sw I O 0  

SW099 

SW099 
SW099 

SW099 

SW099 
SW099 

SW099 

SW099 
SW099 

SW099 

SW099 

SW099 
SW099 

SW099 

SW099 
SW099 

SW099 
SW099 

SW099 
SW099 
s w o 9 9  
SW099 

SW099 
SW099 
SW099 

SW099 

SW099 
SWIOO 

4129199 
4129199 
4129199 

4129199 
4129199 

4/29/99 
4/29/99 

4129199 
4/29/99 

4129199 

4129199 

4/29/99 
4129199 

4129199 

4129199 

4129199 

4/29/99 

4129199 

4129199 

4129199 

4129199 
4129199 

4129199 

4129199 

4129199 

4129199 

4/29/99 

4129199 

4129199 

4\29/99 
4129199 
4129199 

4129199 
4/29/99 
4129199 

4129199 

4129199 

4129199 

4129199 

4129199 
4129199 

4129199 
4129199 

4129199 

4129199 
4/29/99 
4129199 
4129199 
4/29/99 

4129199 
4129199 
4129199 

GW06354TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 

GW06353TE 
GW06354TE 

G W06354 TE 

GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 

GW06354TE 

G W06354TE 

GW063 54TE 

G W063 54TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06353TE 
GW06353TE 

GW06353TE 

GW06353TE 

GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 

GW06353TE 
GW06353TE 
GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 

GW06353TE 

GW06353TE 
GWO6353TE 

GW06353TE 
GW06354TE 

DIBROMOCHLOROMJZTHANE 

DIBROMOMETHANE 
DICHLORODIFLUOROMETHANE 

ETHYLBENZENE 

HEXACHLOROBUTADIENE 

ISOPROPYLBENZENE 
METHYLENE CHLORIDE 

NAPHTHALENE 

n-BUTYLBENZENE 

n-PROPYLBENZENE 

0-CHLOROTOLUENE 

p-CHLOROTOLUENE 
PROPANE, I ,2-DIBROMO-3-CHLORO- 

sec-BUTYLBENZENE 
STYRENE 

tert-BUTYLBENZENE 

TETKACHLOROETHENE 

TOLUENE 

TOTAL XYLENES 

trans- I .2-DICHLOROETHENE 
trans- 1,3-DICHLOROPROPENE 

1 RICHLOROETHENE 

TRICHLOKOFLUOROMETHANE 
VINYL CHLORIDE 

Aluminum 

Antimony 
Arsenic 

Barium 

Beryllium 
Cadmium 

Calcium 
Chromium 
Cobalt 

Copper 
Iron 

Lead 
Lithium 

Magnesium 

Manganese 

Mercury 
Molybdenum 

Nickel 
Potassium 
Selenium 

Silver 
Sodium 

Strontium 

Thal I i u m  

Tin 
Vanadium 
Zinc 
Aluminum 

1 
I 

1 

I 
1 

1 
0. I 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

I 

1 

1 

1 

1 

1 

1 

8.1 
0.98 

0.58 

166 
0.02 

0.08 
87000 

0.3 

0.18 
2.1 

15.2 
0.72 

4 
I 1 800 

1.1 
0.1 

0.88 

1 .5 

869 
1 2  

0.35 
18000 
464 

0.88 
0.68 
1.6 

4.8 
155 

U G L  
UGIL 
UGIL 

UGIL 
UGIL 

UGIL 
UGIL 

UGIL 

UGIL 
UGIL 

UGiL 

UGIL 

UGIL 

UG1L 
UGIL 

UGIL 

U G L  

UGIL 

UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

UGIL 

UGIL 

UGIL 

UG/L 

LlGlL 

UGIL 
UGIL 

UGIL 
UGIL 
UGIL 
UGIL 

UGIL 

UGIL 

UGIL 
UGIL 

UGIL 

UGiL 
UGIL 

UG1L 

UGIL 
UGIL 
UG1L 
UGIL 
UGIL 

UG1L 
UGIL 
UGIL 

UGIL 
UGIL 

U 

U 
U 

U 
U 

U 
JB 

U 

U 
U 
U 
U 
U 
U 
U 
U 

U 

U 

U 

U 

U 
U 

U 

U 

B 

B 

U 

U 

U 

B 
U 
B 
B 

U 
B 

B 

U 
B 

B 
B 

U 
U 

U 

U 
B 
B 

1 VI 
1 VI 
1 VI 
1 UJ1 

1 v 1  

I UJI 

1 JBI  

1 UJI 

1 UJI 

1 UJ 1 

1 UJI 
I UJI 

I R1 
1 UJ1 

1 UJI 

1 UJI 

1 VI 
1 UJI 

1 UJ I 
1 v 1  

1 v 1  
1 v 1  

1 v 1  

1 v 1  

5 

0.48 

0.58 

0.05 

0.02 
0.08 

4. I 

0.15 
0.18 

0.25 
4.8 

0.72 

0.05 

0.7 

0.05 

0.1 

0.3 

0.3 

7 
1.2 

0.35 
10.5 

0.02 

0.88 

0.68 
0.2 

0.12 
5 
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Table 4-3 Groundwater Intercept System Analytical Data 
Present Sanitary Landfill/PU&D Yard 

Location Sample Sample ## Analyte Result Units Lab Detection Validation 
Date Qualifier Limit Qualifier 

SWIOO 4/29/99 GW06354TE Antimony 0 4 8  UGIL U 0 48 
SWlOO 4129199 GW06354TE Arsenic 0 6 5  UGIL B 0 58 
SWlOO 4/29/99 GW06354TE Barrum 63 8 UGIL B 0 05 
SWIOO 4129199 GW06354TE Beryllium 0 0 2  UGIL U 0 02 
SWIOO 4129199 GW06354TE Cadmium 0 0 8  UGIL U 0 08 
SWIOO 4129199 GW06354TE Calcium 50500 UGIL 4 1  
SWIOO 4/29/99 GW06354TE Chromium 0 4 2  UGIL B 0 15 
SWIOO 4129199 GW06354TE Cobalt 0 18 UGIL U 0 18 
SWIOO 4129199 GW06354TE Copper 2 9  UGIL B 0 25 
SWlOo 4129199 GW06354TE Iron 104 UG/L 4 8  
SWIOO 4129199 GW06354TE Lead 0 7 2  UGIL U 0 72 
SWIOO 4129199 GW06354TE Lithium 3 6  UGIL B 0 05 
SWIOO 4129199 GW06354TE Magnesium 9120 UGIL 0 7  
SWlOO 4129199 GW06354TE Manganese 2 3  UGIL B 0 05 
SWlOO 4/29/99 GW06354TE Mercury 0 1  UGIL U 0 1  

SWlOO 4129199 GW06354TE Molybdenum 091 UGIL B 0 3  
SWlOO 4129199 GW06354TE Niche1 1 4  UGIL B 0 3  
SWIOO 4129199 GW06354TE Potassium B 7 3070 UGIL 

SWlOO 4129199 GW06354TE Selenium 1 0 9  UG/L 1 2  

SWl00 4129199 GW06354TE Silver 0 3 5  UGIL U 0 35 

SWlOO 4129199 GW06354TE Sodium 19900 UGIL IO 5 

SWIOO 4129199 GW06354TE Strontium 309 UGIL 0 02 
SWlOO 4/29/99 GW06354TE Thallium 0 88 UGIL U 0 88 
SWIOO 4129199 GW06354TE Tin 
SWlOO 4/29/99 GW06354TE Vanadium 

SWIOO 4/29/99 GW06354TE Zinc 

SW099 

SW099 
SW099 
SW099 

SW099 
SWIOO 

sw 100 

SWIOO 
SWlOO 

SWlOO 

4129199 
4129199 
4/29/99 

4129199 
4129199 

4129199 
4/29/99 

4/29/99 

4129199 
4/29/99 

GW06353TE 

GW06353TE 

GW06353TE 
GW06353TE 

GW06353TE 

GW06354TE 
GW06354TE 

GW06354TE 

GW06354TE 
GW06354TE 

Americium-24 1 
Plutonium-2391240 

Uranium-2331234 
Uranium-235 

Uranium-238 
Americium-241 
Plutonium-2391240 

Uranium-2331234 
Uranium-235 
Uranium-238 

0 6 8  UGIL U 0 68 

1 1  UGIL B 0 2  

1 0 8  UG/L B 0 12 

0.0179 
0.0065 

1.2991 

0.1085 

1.143 
0.0106 
0.0107 

0.9358 
0.0203 

0.775 I 

PCUL 
PCIiL 

PCIIL 
PCUL 

PClIL 

PCUL 
PCIIL 

PClIL 
PClIL 
PCIiL 

J 
U 

U 

0.0144 
0.01 85 

0.1595 
0.1421 

0.1195 

0.0057 
0.0058 

0.0528 

0.1418 
0.0973 

v 1  
VI 

v 1  
v 1  
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RF/RMR-99-433. UN 
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A drilling and sampling program was designed to collect the data necessary for decision making with 

respect to natural attenuation. Eight wells were installed in a pattern so as to have two wells upgradient of 

the DNAPL source (18799, 18899), three wells along an east-west line where two wells were in the 

source, and one well located cross gradient to the source (1 8499, 18599, and 18699). The remaining three 

wells were installed in a line approximately 60 -70 feet downgradient from the source (1 8 199, 18299, 

18399). The wells were installed in February 1999 and the first round of sampling was completed by the 

end of March. In addition, VOC samples were collected from DNAPL in well 05497. Figure 4-9 shows 

the location of the wells and sampling locations. 

The wells were installed with bladder pumps so that samples could be collected with aeration of the 

sample kept at a minimum. This is important when collecting VOC samples and when measuring 

dissolved oxygen (DO) and oxidation reduction potential (redox) parameters. A flow-through cell 

containing the field parameter probes was used for collection of temperature, DO, redox, alkalinity, 

specific conductance and pH. A HACH spectrophotometer was used to measure ferrous iron. All other 

samples were sent to off-site laboratories for analysis. Full suites were obtained from seven of the eight 

wells. Upgradient well 18899 was dry and could not be sampled. Table 4.4 lists the analyses performed 

for the MSS 118.1 study as listed in the IHSS 118.1 Sampling and Analysis Plan (RMRS, 1998). Water 

levels were obtained for all wells in the project. After additional sampling rounds are completed, the data 

will be presented in a Data Summary Report. 

4.3.1.1 Footing Drain Outfall Samples 

Two outfall pathways were sampled that are associated with the Building 771 footing drain system. 

Building 77 1 is located approximately 120 feet due north of IHSS 1 18.1 and has a footing drain system 

that collects groundwater from the south side of the building. Because the footing drain system is 

downgradient of the carbon tet groundwater plume, it was important to sample the outfalls from this 

system to determine if significant concentrations of VOCs were present. Figure 4-9 shows the location of 

the sample locations. One outfall is located to the west of Building 771 and flows to a small stream 

which enters North Walnut Creek to the north. This outfall could be sampled directly at it’s terminus on 

the hillside, and has a location name of 77 1 -FDOUT2. The other outfall i s  believed to be located under 

the North Perimeter road and probably enters North Walnut Creek. The pipeline to this outfall extends 

out from the northwest corner of Building 771 and has two manholes that were available for sampling. 

Sample location 771-Manhole3 is a manhole accessing the outfall pipeline outside Building 771. The 

second location (NW77 1 -Manhole) is located at the confluence of drain pipes near the north perimeter 

road. 
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SS06B037 

Table 4- 4. Sample Types/Analytical Methods 

SW-846, 
9035, 9036 Sulfates 

Line Item Analytes Analytical 
Code Method 

Water 

SW-846 Volatile 
SS01B005 Organic 

ComDounds Method 8260 

1 liter plastic 
bottle 

SW-846 Volatile 

Method 8260 

SS06B039 

SW-846 SS02B006 Semivolatiles Method 8270B 

SW-846 
9030A Sulfides 

Americium! ASD SOW for RCOl BOO03 Plutonium & lsotopics RCOl Uranium 

Water 

lsotopics RCOI 

ASD SOW for 
lsotopics RCOI 

Gross 

Gross 

1 liter plastic 
bottle 

4" 

Cool, 4" c 

7 day hold time 
Sulfates, Sulfites and 
Alkalinity come from 
same bottle 
14 day hold time 

48 day hold time 

Water 
1 Liter plastic 
bottle SS06B002 SW-846 

310.1, 320.2 Alkalinity 

Water 1 liter plastic 
bottle 

Oxidation- 
Field I Reduction 1 ASTMD1498 

SS06B020 Nitrates SW-846 , 300.0 

Container 

2 x 40 ml VOA 

Media 
Type 

4" 
pH<2 w/HCI 

vials - Teflon 
Water I lined seDta lids 

28 day hold time 

glass jar with 

SS06B025 

250-ml wide 
mouth glass jar 
with Teflon lined Soil 

Total Organic SW-846 
Carbon 41 5.1 

125-9 wide mouth 
glass jar Soil 

SS06B024 

1 liter plastic 
Water 1 bottle 

Dissolved sw-846 
Organic 
Carbon 415.1 

I 

SS06B010 

Field 

60-g wide mouth 
glass jar Soil 

Chlorides E300.0 

DH SW9040 
Dissolved 
Oxygen Field E360. 

Field 
Field 

Potential 
Temperature E170.1 
Conductivitv SW9050 

1 liter plastic 
Water I bottle 

100 ml. plastic 

Water 

water I 
Water I 
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Preservative CommentslHolding 
Time 

14 day hold time 

Cool, 4"C, Zero head space 
14 day hold time 

Cool, 4°C 7 day hold time 

14 days to extraction, 
40 days from 
extraction to analysis 

Cool, 4" c 

Cool, 4" c 

Cool, 4" c 

Cool, 4" c 
I 

I Sulfates. Sulfites and I Alkalinity come from 
Coolp 40 same bottle 

I 28 day hold time 
I Sulfates, Sulfites and 

Alkalinity come from 
Cool, 4" c I sa me bottle 

Cool, 4" C I 28 day hold time 

None 28 day hold time 
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0 For purposes of this preliminary evaluation, three of the seven wells were chosen for discussion. Well 

18799 is the only upgradient well that had water, so it is used for background comparison. Well 18499 is 

in a line due north of 18799 and is in the DNAPL source. Samples were collected above the DNAPL in 

the well. Well 18 199 is a downgradient well due north of well 18499. These wells comprise a 

representative cross section of groundwater quality across the IHSS 118. l site. In most cases, data from 

the other wells conform to those found in this subset. Charts were derived to show the relative changes in 

water quality across the MSS. Reference Appendix A from document W/RMRS-98-420.UN, Status 

Report for Monitoring of Natural Attenuation at IHSS 118. I ,  for the analytical results obtained from the 

wells. Evaluation of the various parameters used for the natural attenuation project leads to a number of 

conclusions with regard to whether the parameters are necessary for the continued traclung of VOC 

degradation. 

4.3.1.2 Natural Attenuation 

Natural attenuation is defined as the observed reduction in contaminant concentrations as contaminants 

migrate from the source in environmental media. Thls reduction in concentration can be due to a number 

of fate and transport processes in groundwater including, dilution, dispersion, sorption, volatilization and 

biotic and abiotic transformations. Biodegradation or bioremediation is used to describe the portion of 

natural attenuation that is brought about by biological degradation mechanisms. Biological degradation 

typically involves bacteria that occur naturally in the soil and groundwater. Under the right conditions 

these bacteria can break down certain fuel hydrocarbons and certain chlorinated organic compounds. 

The main mechanism for the biological breakdown of chlorinated organics is through reductive 

dechlorination reactions. Under reductive dechlorination, a chlorinated organic compound such as carbon 

tet is used as an electron acceptor, which causes the compound to gain a hydrogen atom at the expense of 

a chlorine atom. The dechlorination of carbon tet would cause chloroform, methylene chloride and 

chloromethane to sequentially form as chlorine is progressively removed from the original carbon tet 

compound. 

For biodegradation to occur there must be an electron acceptor, a source of carbon to serve as an electron 

donor and a favorable environment in the aquifer for the metabolic reactions to take place. The IHSS 

1 18.1 sampling program was designed to provide evidence that these processes are taking place. 

Wiedemeier et a1 (1 996) have developed a simple system for determining whether biodegradation is 

occurring at a site based on applying scores to the chemical parameters discussed in this report. The 

criteria used is summarized in Table 4.5. A score of 0 to 5 points is suggestive of inadequate 
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evidence of biodegradation. A score Of 6 to 14 suggests limited evidence of biodegradation, a score of 15 

to 20 shows adequate evidence and scores above 20 show strong evidence of biodegradation. 

4.3.2 Electron Donors 

The process of natural attenuation that would degrade chlorinated organic compounds like carbon tet is 

reductive dechlorination. Reductive dechlorination is the substitution of hydrogen for chlorine atoms 

within the chlorinated organic compound, which causes it to progressively break down into daughter 

products. This process requires that there be a source of electron donors, which is typically organic 

carbon. Carbon can be utilized either as natural carbon in the aquifer, or can be acquired from the 

breakdown of petroleum hydrocarbons. The following analyses were performed to determine available 

electron donor activity at MSS 1 1 8.1. 

4.3.2.1 Semivolatile Organic Suite 

The semivolatile organic suite was collected because of a perception that there had been a diesel spill in 

the area of MSS  118.1, Diesel by-products could supply the electron donors that are necessary for 

reductive dechlorination of the carbon tet and breakdown products. Diesel he1 is composed of such 

indicator compounds as napthalene, phenanthrene, anthracene, chrysene etc., as opposed to the BTEX 

compounds (benzene, toluene, ethylbenzene and xylenes) which are common in gasoline. Based on the 

data collected, there is no evidence of either diesel or gasoline indicator compounds in the vicinity of 

MSS 1 18.1, Therefore, it may be prudent to discontinue the semivolatile analyte suite after one more 

round of sampling. 

0 

4.3.2.2 Total Organic Carbon and Dissolved Organic Carbon 

Total organic carbon (TOC) and dissolved organic carbon (DOC) were collected to ascertain the 

availability of carbon in the environment to serve as an energy source for reductive dechlorination. 

Figure 4-10 shows that both DOC and TOC are within the 3-4 mg/L range. Wiedemeier et a1 (1996), 

suggest that DOC above 20 mg/L assures that enough carbon is present to drive dechlorination. 

Therefore the limited amount of carbon in groundwater may be retarding the rate of reductive 

dechlorination at IHSS 1 18.1, With respect to hrther sampling, the Wiedemeier paper uses DOC as an 

indicator parameter, but does not discuss TOC. Given the similarity in concentration, it is suggested that 

only DOC be sampled after one more sample round 

0 
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4.3.3 Electron Acceptors 

In order to effect reductive dechlorination of chlorinated organic solvents, the solvents must be able to be 

electron acceptors. This process occurs when there are sufficient electron donor sources present, the 

proper chemical environment exists, and a lack of other electron acceptors that would compete with the 

solvent compounds as electron acceptors. 

4.3.3.1 Carbon Tetrachloride 

Carbon tetrachloride is the dominant organic compound found in MSS 1 1 8.1. If biodegradation is 

occurring by reductive dechlorination, carbon tet would breakdown progressively to chloroform, 

dichloromethane, chloromethane, and ultimately to carbon dioxide and water. If reductive dechlorination 

was occurring, carbon tet would be seen to progressively decrease in concentration with time as the 

breakdown products increased in concentration. Downgradient wells would also reflect an increase in 

breakdown products relative to carbon tet. Figures 4-1 1 and 4-12 show the trends in carbon tet and 

daughter species. The sample from the pipe outfall near 771 is also included. In Figure 4-1 1 carbon tet 

can be seen to decrease in concentration from the source to downgradient well 18199. This would be 

expected if biodegradation was occurring. However the trends in chloroform and chloromethane do not 

increase in downgradient well 18199. Methylene chloride exhibits a similar behavior, but must be viewed 

with caution because it is a common lab contaminant and some was reported in the lab blank. The data 

suggest that there are daughter products from reductive dechlorination of carbon tet in the source area, but 

increased breakdown downgradient of the source is not readily apparent. By looking at the ratio of 

daughter products to carbon tet with time, a better indication of in-source biodegradation would be 

obtained. Therefore, it is suggested that sampling for these compounds continue for a sufficient time 

period to establish a rate of breakdown at the source. The Building 771 outfall locations described above 

were also sampled for the VOC suite. Location 771-FDOUT2 shows a carbon tet concentration of 12 

ug/L and a chloroform concentration of 23 ug/L. The outfall has a very low flow, which suggests that it 

may be shut off. Because carbon tet and chloroform are the dominant components of the carbon tet 

plume, it appears that some of the plume is being collected in the footing drain system The other two 

sample locations showed no significant VOC detections. 

0 
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4.3.3.2 Dissolved Oxygen 0 
Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process. 

Anaerobic bacteria cannot function at DO concentrations above .5 mg/L and hence, reductive 

dechlorination cannot occur (Wiedemeier, et al, 1999). Figure 4-10 shows that upgradient DO 

concentration at well 18799 is at 5.4 mgL and decreases to .06 mg/L in source well 18499. DO 

concentration rises again in downgradient well 18199. T h g  the data at face value, it would appear that 

DO levels are detrimental for anaerobic degradation of organic compounds except at the source. DO was 

measured using a DO probe inside a flow-through cell at the well head. It could be that this method, 

though far superior to those obtained from bailed water, may allow for some oxygenation of the 

groundwater. Because DO is one of the most crucial measurements for determining the effects of 

biodegradation, downhole probes have been acquired to ensure that a representative measurement is 

obtained in hture sample events. 

4.3.3.3 Nitrate and Sulfate 

Nitrate and sulfate were sampled because they, along with dissolved oxygen, can compete with 

chlorinated solvents as electron acceptors. If high levels of nitrate and/or sulfate were to exist in the 

groundwater in the vicinity of IHSS 1 18.1, the amount of reductive dechlorination of carbon tet and its by 

products could be retarded. The graph on Figure 4-10 shows the values for nitrate along the three well 

cross section at IHSS 1 18.1. The nitrate concentration in upgradient well 18799 is 2 mg/L which is near 

the WETS background mean of 1.4 mg/L for Rocky Flats Alluvium (DOE, 1993b). In Figure 4-10, 

nitrate concentration is seen to decrease at the source and then increase again in coilcentration away from 

the source. This trend would be expected if biodegradation was occurring in the source area. 

Wiedemeier et al, 1996 have a scoring system for determining the potential for biodegradation. They 

suggest that a concentration of nitrate above 1 mgL may impact biodegradation of chlorinated organics. 

Given the low concentration of nitrate in the vicinity of the IHSS (.05 mg/L at source well 18499), it 

would seem that nitrate is being removed from the process locally, but that nitrate concentration is 

perhaps impacting the biodegradation process away from the source. Because nitrate is a key indicator of 

the efficacy of biodegradation on chlorinated solvents, continued sampling is advised. 

The sulfate concentration in upgradient well 18799 is 46 mg/L, which is above the WETS background 

mean of 22 mg/L (DOE, 1993b). Figure 4-13 shows the concentration of sulfate dropping near source 

well 18499, and then increasing in downgradient d l s .  This trend would be expected if biodegradation 
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0 was occurring in the source area. Wiedemeier et al(1996) suggest that sulfate above 20 mg/L could 

compete with the chlorinated solvents as an electron acceptor and thus retard the biodegradation process 

of the latter. Given that sulfate was found at 22 mg/L in the source area and at higher levels away from 

the source, it can be deduced that sulfate may be retarding the amount of biodegradation of carbon tet 

occurring at IHSS 1 1 8.1. Because sulfate is a key indicator of the efficacy of biodegradation on 

chlorinated solvents, continued sampling is advised. 

4.3.4 Metabolic By-products 

The measurement of the metabolic by-products of biodegradation are valuable to determine the 

predominant microbial and chemical processes that are occurring at MSS 1 18.1. The following samples 

were taken to help determine whether actual biodegradation is occurring. 

4.3.4.1 Ferrous Iron 

Ferric iron (Fe 111) is reduced to ferrous iron (FeII) during anaerobic biodegradation of organic 

hydrocarbons. Therefore an increase in ferrous iron concentration in the source area can suggest the 

amount of biodegradation that is occurring. Figure 4-10 shows that ferrous iron increases from 0.01 mg/L 

in background well 18799 to 1.6 mg/L in source well 18499, then decreases to 0.10 m a  in 

downgradient well 18 199. Wiedemeier et a1 (I  996) believe that ferrous iron above 1 mg/L would allow 

reductive dechlorination to take place. Therefore it appears that some reductive dechlorination is 

occurring at the source. Because ferrous iron is a key indicator of the efficacy of biodegradation on 

chlorinated solvents, continued sampling is advised. 

4.3.4.2 Sulfide 

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an 

electron acceptor during biodegradation. Figure 4-10 shows that sulfide is 0.02 mg/L in background well 

18799 and does not change in concentration in the source and downgradient wells. Wiedemeier et a1 

(1996) believe that sulfide above 1 mg/L would allow reductive dechlorination to take place. These 

results suggest that though sulfate is decreasing in concentration in the source area, the amount of 

hydrogen sulfide generated is minimal. Because of the conflicting evidence for biodegradation given by 

sulfate/sulfide analyses, and because sulfide is a key indicator of the efficacy of biodegradation on 

chlorinated solvents, continued sampling is advised. 
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4.3.4.3 Methane 

The presence of methane in groundwater is indicative of strongly reducing conditions. Methane is 

produced through the biodegradation of petroleum hydrocarbons, and where present in groundwater 

containing chlorinated solvents, suggests that the chemistry of the groundwater is favorable for reductive 

dechlorination. Figure 4-12 shows that methane increases from 0.003 mg/L to 0.20 m a  in the source 

area, then decreasing to 0.007 in downgradient well 18 199. Wiedemeier et a1 (1 996) believe that methane 

above 0.1 mgLL would allow reductive dechlorination to take place. Methane values are fairly low 

suggesting that there is little if any petroleum hydrocarbons present at IHSS 1 18.1. However, the increase 

in methane production in the source relative to background suggests that some reductive dechlorination is 

occurring. Because methane is a key indicator of the efficacy of biodegradation on chlorinated solvents, 

continued sampling is advised. 

4.3.4.4 Chloride 

The presence of elevated concentrations of chloride in groundwater relative to background suggests that 

biodegradation of organic solvents is taking place. This is because the replacement of hydrogen for 

chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination 

releases chlorine in the process. Figure 4-12 shows the concentrations of chloride seen in the vicinity of 

IHSS 11 8.1. Chloride concentration is in the 65 mg/L range and does not change appreciably in the three 

wells plotted, although side gradient well 18699 does show twice the concentration of chloride relative to 

the other wells. The WETS background mean concentrations for chloride in alluvial materials is 8 to 18 

mg/L (DOE, 1993b). The Groundwater Geochemistry Report for WETS (EG&G, 1995c) shows that 

chloride concentration increases from west to east at WETS and that chloride concentrations in the 

Industrial Area range from 25 to 100 mg/L. Given the lack of dramatic change in chloride concentration 

at IHSS 1 18.1 relative to both upgradient and downgradient welIs and the surrounding Industrial Area, it 

may be that only limited reductive dechlorination is occurring at the IHSS. Because chloride is a key 

indicator of the efficacy of biodegradation on chlorinated solvents, and given the equivocal nature of 

results, continued sampling is advised. 

0 

4.3.5 Conclusions and Recommendations 

Based on the preliminary results, a number of conclusions can be made. There is evidence of 

biodegradation at the IHSS 1 18.1 source. If the assumption is made that the breakdown products found at 

MSS  118.1 are not part of the original free product composition, then based on the scoring system 0 
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0 discussed in Wiedemeier et a1 (1996), the source area rates a score of 18 (see Table 4-5). The upgradient 

and downgradient wells rate a score of 3, which suggests that the environment of the aquifer away from 

the source may be hostile to biodegradation. These scores are derived using data from the three wells 

used for the cross section discussed above. Given the downgradient score with respect to biodegradation, 

the decrease in composition of organic solvents away from the source must be partly attributed to physical 

processes such as dilution and dispersion rather than strictly to biodegradation. These preliminary results 

suggest that a significant reduction in carbon tet is occurring at the source. Additional monitoring will 

help determine the rate at which biodegradation is occurring. 

One of the footing drain outfdls shows low levels of carbon tet and chloroform that is probably 

attributable to inflow of carbon tet plume groundwater into the footing drain system. Given the low 

concentration of VOCs in outfall sample 771-FDOUT2, and the very low flow from the outfall, there does 

not appear to be a major contribution of VOCs to surface water. 

The results of the follow-on sampling at IHSS 118.1 will be used to validate these preliminary findings 

and can also be used to assess possible remedial strategies. The Groundwater program will be evaluating 

the downgradient extent of VOC plumes in the Industrial Area in the future to determine potential impacts 

to surface water. This information will be incorporated with data from IHSS 118.1 and other projects to 

provide an integrated approach to groundwater management for the Site. 

4.3.5.1 Sampling Recommendations 

Based on the results obtained to date the following recommendations can be made with respect to future 

sampling: 

1. The present sampling suite should be maintained for the second round of sampling, to confirm the 
results obtained in the first sampling event. After that point, it may be prudent to eliminate the 
semivolatile organic suite and TOC sample. The semivolatile organic suite was collected to 
determine whether there is evidence of fuel hydrocarbons that would aid in the breakdown of carbon 
tet. If these compounds are not encountered in the second sampling round, the analyses can be 
discontinued. TOC can be eliminated because only DOC is used in the scoring system for 
determining the degree of biodegradation. 

2. Efforts will be increased to assure the collection of representative DO measurements because it is a 
critical parameter for determining whether biodegradation can succeed. Down-hole parameter probes 
will be used for collecting DO in the next sample round. 

3. The two Building 771 outfall locations should also be sampled again to confirm the initial results 
obtained in the first round of sampling. In addition, a check will be made to see if the outfall with 
detectable concentrations of VOCs is active or has been abandoned. 
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0 5.0 BUILDING D&D 

The DOE decontamination and decommissioning (D&D) process is the sequence of events that occurs in 

the disposition of surplus DOE facilities. D&D is primarily concerned with decontamination, 

dismantling, removal, or entombment of the surplus facilities. The primary tasks associated with D&D 

are: 

Surveillance and Maintenance 

Assessment and Characterization 

Environmental Review 

CloseOut 

Activities associated with these tasks involve the removal of fixed materials (including residual 

constituents of concern), equipment, piping, tanks, ducts, ceilings and other internal building structures, 

and the buildings themselves. In general, it is planned that D&D will be done in phases, allowing 

alternative interim use of most buildings before the final decommissioning of the buildings (DOE 1994b). 

Building specific D&D activities involve three major steps: 0 
Deactivation of Building Processes 

Demolition of Building Structures 

Remediation of Building Foundations and Surroundings 

The IM/IRA for the IA outlines monitoring activities established to ensure that building D&D activities 

do not inadvertently impact surface water by degrading groundwater beneath or in contact with the base 

of the demolished buildings. The proposed groundwater monitoring will provide the data necessary to 

determine if the precautions and actions taken during D&D have prevented or allowed migration of 

contaminants to groundwater. If existing information regarding a proposed D&D activity indicates the 

potential to contaminate groundwater, generally through a knowledge of hstorical building activity and 

use, then a pre-D&D groundwater baseline will be established for that building. Exceedances are defmed 

as concentrations detected greater than the mean + 2 standard deviations above the baseline (K-H 1998b). 

Monitoring will be accomplished by the installation of D&D monitoring wells immediately adjacent to 

the specific building. These wells in conjunction with appropriately located existing wells will provide 

the baseline data, and also be utilized for future D&D monitoring of the building specific impacts, if any, 

on downgradient groundwater quality. 0 
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@ This is a new section to the Annual RFCA Groundwater Monitoring Report. It will be expanded during 

each successive year to include the D&D activities, as they pertain to groundwater, for that calendar year. 

The following subsections discuss D&D activities during 1998 for Building 123; Buildings 444, 771, and 

886; and Building 779. 

. 

5.1 Building 123 

Building 123, used as a laboratory for bioassay, dosimetry, and water quality parameter analyses, was 

located on Central Avenue between Third and Fourth Streets at WETS. The building underwent D&D 

activities, and was ultimately demolished in 1998. Subsequent to demolition, six monitoring wells 

(10098-10598) were installed with a Geoprobe rig immediately adjacent to the building foundation. The 

purpose of these wells was twofold. First, to assess the potential impact of D&D activities on local 

groundwater quality and, second, to prepare an IHSS ranking for prioritizing the Building 123 site on the 

ER ranking list. This report is only concerned with the potential impact of Building 123 D&D activities 

on downgradient groundwater quality. Figure 5-1 presents the location of Building 123 and associated 

D&D monitoring wells. 

It has been determined, based on the IMP; that four sampling events are required to collect a data set to be 

used for determination of a unique baseline for each building which will undergo D&D groundwater 

monitoring. Unfortunately, the schedule for Building 123 D&D became accelerated and it was not 

possible to collect the required amount of pre-demolition data to derive baseline values for the site. In 

addition, there are not an appropriate number or distribution of existing monitoring wells in the vicinity of 

Building 123 to sample for collection of baseline data (utilizing the previous three years sampling data) as 

the IMAM suggests. Only one sampling round, post demolition, was accomplished at the Building 123 

D&D monitoring wells during 1998. Depending on groundwater flow conditions at a specific building, it 

may be possible to create a baseline even though the building has previously been demolished. If linear 

flow velocities in the immediate vicinity of the building are relatively low, then contaminants potentially 

mobilized by D&D may take a year or two to reach the D&D monitoring wells. 

The results ofthe one sampling round completed at Building 123 during 1998 indicate that metals 

analyses exhibited no results above Tier I1 action levels. There were no Tier I exceedances for VOCs and 

radionuclide species. A few slight Tier I1 exceedances occurred for both VOCs and radionuclides. The 

Tier I1 exceedances are listed below. Future interpretations will compare upgradient to downgradient 

water quality instead of Tier levels. 0 
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Monitoring well 10498, sampled on 8/12/98, PCE result of 15 pg/L 

Radionuclides: 

Monitoring well 10098, sampled on 8/10/98, uranium 233/234 result of 1.13 pCUL and uranium 238 
result of 1.08 pCi/L 

Monitoring well 10298, sampled on 8/11/98, uranium 2331234 result of 1 .OS pCUL and uranium 238 
result of 1.10 pCdL 

Monitoring well 10498, sampled on 8/12/98, uranium 233/234 result of 1.41 pCi/L and uranium 238 
result of 1.22 pCi/L 

During 1999, it is anticipated that enough additional analytical data will be available to  construct a 

groundwater chemistry baseline for Building 123. 

5.2 Buildings 444, 771, and 886 

The Sampling and Analysis Plan for the D&D monitoring of Buildings 444, 771, and 886 was initiated 

during late 1998. It is anticipated that the SAP will be completed and approved by the State by July 1999, 

and that the D&D monitoring wells associated with each building will be installed before the end of 1999. 

Building 444 is currently scheduled for demolition in 2002. Building 77 1, including Buildings 77 1 C and 

774, is currently scheduled for demolition in 2003. Building 886 is currently scheduled for demolition in 

2000. This will allow adequate time to construct a groundwater chemistry baseline for each building. 

The 1999 Annual RFCA Groundwater Monitoring Report will include location maps for these buildings 

with the final locations of the D&D monitoring wells associated with each site. 

5.3 Building 779 

Building 779, placed into service in 1979, housed minor production and plutonium recovery operations, 

but was primarily a research and development facility. Some metal parts were assembled in this building 

and bulk plutonium residues were recovered in the hydride operations (DOE 1992a). The building is 

located in the PA approximately 200 feet south of the westernmost Solar Pond and is currently scheduled 

for demolition in 2000. Three monitoring wells, 02297, 02397, and 02497 were installed with a 

Geoprobe rig in 1997 to facilitate collection of a D&D monitoring baseline at Building 779. Figure 5-2 

presents the building location and the associated D&D monitoring wells. 

0 
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@ It has been determined, based on the IMP, that four sampling events are required to collect a data set to be 

used for determination of a unique baseline for each building which will undergo D&D groundwater 

monitoring. There will be adequate time for collecting the appropriate amount of data and determining 

the groundwater chemical baseline before the 2004 demolition date. No sampling rounds were completed 

during 1997 at the Building 779 D&D monitoring wells. Sampling rounds were accomplished with 

varying success at the Building 779 D&D monitoring wells during 1998. Not all monitoring wells 

produced the same number of sampling rounds or amount of samples per round because the wells were 

either dry or did not produce enough groundwater for full sample suites. Monitoring well 02297 

produced enough groundwater in June for VOC analyses only. Monitoring well 02397 produced enough 

water in March for VOCs only, and in November for VOCs, metals and nitrates. Monitoring well 02497 

produced enough water in March and June for VOCs and nitrates only; in November for VOCs only. 

The results of these 1998 samples indicated that there were no concentrations from any Building 779 

D&D monitoring well above Tier I action levels. Wells 02297 and 02497 had no results above Tier I1 

action levels. The only result during 1998 above Tier I1 action levels was at monitoring well 02397, in 

November, where nitrates analysis resulted in a concentration of 12 mg/L. 
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6.0 GROUNDWATER CHARACTERIZATION ACTlVlTl ES 
0 

The following groundwater characterization activities were ongoing or were performed completely during 

calendar year 1998. The projects were performed jointly between the Groundwater Operations group and 

other ER groups at WETS and are discussed here because of their pertinence to groundwater issues. The 

following sections are condensed discussions of the various groundwater characterization activities 

performed during 1998. Greater detail regarding each investigation may be obtained by reviewing the 

referenced reports for each area, which are listed below and in Section 9.0, References. 

6.1 Mound Plume/SW059 

The Mound Site consists of a former waste burial area where 1,405 drums containing uranium and 

beryllium contaminated lathe coolant (a mixture of approximately 70% hydraulic oil and 30% carbon 

tetrachloride), tetrachloroethene (PCE), other VOCs, and low levels of plutonium were stored. The 

drums, initially stored on the ground, were buried with soil between April 1954 and September 1958. 

Ten percent of the drums were suspected to have leaked. In 1970, all of the drums were exhumed from 

the Mound Site along with some radiologically contaminated soil. The Mound Site area has been 

disturbed often, generally by construction projects, since the initial source removal. Additional 

radioactive soils were identified during these projects and removed at later dates. Recent investigations 

have detected VOCs, primarily PCE, in subsurface soils at concentrations above the subsurface soil action 

levels that require cleanup. 

0 

From the Mound Site, the ground surface slopes steeply downward, to the north, towards the incised 

drainage of South Walnut Creek. The Mound Site groundwater plume is located north of Central Avenue 

and east of the PA fence. The plume, comprised primarily of VOC contamination, discharges as seeps and 

subsurface flow into the South Walnut Creek drainage in the vicinity o f  seep SW059. The VOC 

contamination is found along a line of monitoring wells downgradient (north) of the Mound Site and 

between the Mound Site and South Walnut Creek, indicating that the Mound Site is the primary source of 

the plume. Figure 6-1 presents the location of the Mound Site Plume area. 

An accelerated soil removal action was completed during the spring of 1997 to remove VOC 

contaminated soils above the Tier 1 action levels from the Mound Site. Low temperature thermal 

desorption was used to remove VOCs and treated soils were returned to the excavation. As part of this 
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project, a permanent culvert was installed in the previously unlined Central Avenue Ditch, located 

immediately upgradient of the source area, which contributed water to the Mound Site Plume. 

A pre-remedial groundwater investigation was performed in March and April of 1997 to examine the 

nature and extent of the Mound Site Plume adjacent to South Walnut Creek. The results of the 

investigation indicate that the water level, and quantity of groundwater present, generally declines 

towards the east and west margins of the plume. The most commonly detected VOCs from the source 

area to the distal end of the plume are PCE and TCE. Other VOCs are present in the plume, mainly 

towards the distal end, as degradation products of PCE and TCE (DOE, 1997~). The goal of the 

investigation was to provide the necessary information to support the design of an interceptiodcollection 

trench and the proper disposal of soil removed during construction of the interceptiodcollection trench. 

The Mound Site Plume project employs an innovative technology for the collection and treatment of 

groundwater contaminated with chlorinated organic compounds and low levels of radionuclides. Work 

performed during 1998 on this project consisted of the installation of the Mound Site Plume Treatment 

System (MSPTS). The MSPTS is a passive subsurface groundwater treatment system consisting of 

treatment cells containing zero valent iron; an impermeable barrier membrane constructed of high density 

polyethylene (HDPE) to capture and redirect contaminated groundwater; an engineered permeable filter 

media backfdl, consisting of sand and pea gravel, and containing a 4-inch perforated HDPE pipe routed to 

a central collection sump; and a barrier monitoring system (piezometers). Some of the barrier monitoring 

system piezometers were installed during 1998; the remainder are scheduled for installation during 1999. 

ThLe system is designed to protect surface water by reducing mass loading consistent with FWCA action 

levels. The zero valent iron, contained in two buried treatment cells, is used to remediate VOC and 

radionuclide contaminated groundwater. After treatment, the water is discharged back to groundwater on 

the downgradient side of the treatment system through a French drain (RMRS, 1999e). During 

construction of the treatment system, a buried drain pipe was discovered that was probably contributing 

contaminated groundwater to the SW059 seep. The treatment system also collects this water. 

Work scheduled for 1999 on this project consists of sampling and analysis of influent, treatment system 

effluent, and barrier monitoring wells, in order to ascertain the effectiveness of the MSPTS. 

6.2 Solar Evaporation Ponds NitrateNranium Plume 

The RFCA set a milestone of fiscal year 1999 for the implementation of a remedial action which would 

control contaminated groundwater emanating from the Solar Evaporation Ponds, and prevent it from 
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0 causing North Walnut Creek to have concentrations above its in-stream standards. The Solar Ponds 

Plume (SPP) is an area of groundwater contamination which extends from the SEPs, located in the 

northeastern portion of the PA, to the northeast towards North Walnut Creek and to the southeast towards 

South Walnut Creek. The primary analytes of concern are nitratehitrite and various uranium isotopes; 

however, other inorganic and organic compounds have also been identified at concentrations above the 

Tier I1 action levels. 

The SPP emanates from the SEPs. VOCs have been detected in monitoring wells located in the western 

portion of the SEPs and south of the SEPs. The VOCs are thought to have originated from sources to the 

west and southeast of the SEPs. Several metal analytes have also been detected in SPP monitoring wells 

at concentrations above groundwater action levels. Figure 6-2 presents the site location. 

The Interceptor Trench System (ITS) was constructed in 197 1 , and expanded in I98 1, to dewater the 

hillside and prevent the SPP from advancing downgradient to North Walnut Creek. The ITS traverses the 

hillside to the north of the SEPs and collects surface water infiltration as well as alluvial groundwater; 

however, the ITS does not collect groundwater from the weathered bedrock immediately below the 

alluvium. Groundwater flowing through weathered bedrock may continue on towards North Walnut 

Creek. Water collected by the ITS since 1993 has been stored in modular storage tanks prior to treatment 

at Building 374. 

0 

As an initial phase in determining the appropriate remedial action for the SPP, RMRS began a study in 

1997 to evaluate alternatives for the management and treatment of the water collected by the ITS. The 

objective of the study was to determine a permanent remedy for the SPP. Final evaluation of the 

alternatives required a detailed characterization of the water quality in the alluvium and weathered 

bedrock in the vicinity and downgradient ofthe SEPs (McLane Environmental, 1998). The 1998 field 

activites associated with this study continued to collect the data necessary to complete a SEPs conceptual 

hydrogeologic model and groundwater flow model, as well as evaluate the remaining feasible remedial 

alternatives. Groundwater characterization work completed on this project in 1998 included collection 

and analysis of groundwater samples from approximately ninety wells in the SEPs area including samples 

outside the SPP from the North and South Walnut Creek areas and upgradient (background) areas. The 

primary objective of the sampling was to determine the nature and extent of the SPP in the alluvium, 

weathered bedrock, and competent bedrock during the low flow (late fall/early winter) and high flow 

(spring) seasons. 
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. The secondary objective was to evaluate the amount and distribution of uranium in the groundwater 

associated with the SPP, and estimate what portion of it is attributable to past WETS activities. Initially, 

low flow samples (November 1997 through February 1998) from a combination of background, Walnut 

Creek drainage, and SPP wells were analyzed for.uranium isotopes by alpha spectroscopy. Seven SPP 

wells were resampled during the high flow season (April 1998). In addition to analysis by alpha 

spectroscopy, four low flow samples and five high flow samples were subsequently sent to Las Alamos 

National Laboratory (LANL) for analysis of uranium isotopes by high resolution, inductively coupled 

plasmdmass spectroscopy (ICP/MS). The results of these analyses were used to calculate uranium 

isotope ratios, which can be used to differentiate between naturally occurring and anthropogenic uranium. 

As a first step in analyzing the source of uranium in the SPP groundwater, the alpha spectroscopy data 

was converted from isotope activity to isotope mass and the U-235 to U-238 ratios calculated. In 

naturally occurring uranium the U-235 to U-238 mass ratio is 0.0072. The resulting ratios were very 

inconsistent, and because the alpha spectroscopy data was determined not to have sufficient resolution for 

determining uranium isotopic ratios, the samples described above were sent to LANL for analysis by 

ICP/MS. The results ofthe ICP/MS analyses indicate that the uranium occurring in all background 

samples is naturally occurring. In addition, it was determined that groundwater containing anthropogenic 

uranium has not yet reached groundwater adjacent to North Walnut Creek (RMRS, 1999f). For additional 

information regarding these analyses reference the Solur Ponds Plume Decision Document (RF/RMRS- 

98-286.UN), (RMRS, 1999f). 

In addition to groundwater sampling, four new monitoring wells were installed during 1998 to provide 

additional groundwater data where needed. One well, 03498, was installed to the north of the SEPs and 

three wells (03 198, 03298, and 03398) were installed to the southeast of the SEPs (Plate 1). Monitoring 

well 03198 was dry, but the other three wells contained sufficient water for sampling and analyses. 

Based on the results of the above described study, undertaken during 1997 and 1998, the Solur Ponds 

Plume Decision Document was prepared. The Decision Document outlines the remediation sh-ategy, 

treatment goals, applicable regulatory requirements, and implementation schedule to accomplish a long- 

term and cost effective remedy for the groundwater collection, management, and treatment of the SPP. A 

reactive barrier, consisting of a funnel system which will direct SPP groundwater to a treatment cell 

containing zero-valence iron and a carbon source, was selected as the preferred remedial alternative. The 

other alternatives described in the Decision Document were found to be ineffective in treating the 

contaminants or did not achieve the long-term goals for the SPP and WETS. e 
November, I999 166 



RF/RMRs-99-433. rmr 
I998 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

The SPP is currently being managed and treated according to the IWIRA (DOE, 1992b; and 1994b). 

Activities scheduled for 1999 which are associated with the SPP include installation of the above 

described treatment system. Groundwater activities completed during 1999 will be described in the 1999 

RFCA Groundwater Annual Report. 

6.3 B-PondsIEast Trenches Plume 

The East Trenches Groundwater Plume is located north of Central Avenue and east of the east perimeter 

road. This groundwater plume contains VOC contamination which is believed to  originate from the East 

Trenches and 903 Pad sites and extends northward to where the plume discharges as seeps and subsurface 

flow into the South Walnut Creek drainage. Recent exceedances of the Tier I1 RFCA VOC groundwater 

action levels in a designated Tier I1 well near South Walnut Creek, and recent detections of VOCs in the 

B-ponds indicate that contaminated groundwater is reaching surface water at this location. Figure 6-3 

presents the site location. 

A large plume of contaminated groundwater is located in the East Trenches area. Most of the 

groundwater contamination is believed to be derived from the trenches on the north side of the East 

Access Road, which includes Trenches T-3 and T-4 (RMRS, 1996~).  Upgradient monitoring wells 

indicate that a component of the contaminated groundwater in this area is derived from VOC 

contamination emanating from the 903 Pad. However, the VOC concentrations in groundwater increase 

by more than two orders of magnitude after the groundwater passes through Trenches T-3 and T-4, which 

reflects previous release from the trenches. 

0 

Trenches T-3 and T-4 were used between I964 and 1967 for disposal of sanitary sewage sludge 

contaminated with low levels of uranium and plutonium, VOCs, crushed drums, and miscellaneous waste 

(DOE 1992b). In 1996 these trenches were excavated as part of an accelerated source removal action. 

Trench T-3, located approximately 300 feet north of the East Access Road and immediately west of 

Trench T-4, was approximately 134 feet long, 20 feet wide, and 10 feet deep. Trench T-4 was 

approximately 110 feet long, 15 feet wide, and 10 feet deep. The removed soil and debris were thermally 

treated to remove the VOCs, which consisted primarily of carbon tetrachloride, TCE, and PCE. The 

remediated soil, below Tier I1 action levels, was returned to the trench excavation and the area was 

revegetated. The component of the East Trenches plume derived from the VOC contamination at the 903 

Pad and Lip areas is associated with drums containing plutonium and uranium contaminated soils and 
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@ solvents which were stored in the area from the summer of 1958 to January 1967 (RMRS, 1996d; 1997) 

Pre-remedial investigations were conducted in the fall of 1997 and the spring of 1998 to determine the 

extent and configuration of the distal end of the East Trenches plume neitr South Walnut Creek. 

Additional characterization work was conducted in the spring of 1998 to collect sufficient data to design a 

remedial action for the plume. A total of 32 Geoprobe boreholes were advanced with 25 temporary 

monitoring wells installed. These wells, where they contained sufficient water, were monitored for water 

table elevation and sampled for radioisotopes and VOCs. Soil samples were collected from several 

boreholes and analyzed for VOCs and other analytes. 

Groundwater flow in the vicinity of the East Trenches plume is to the north and northeast and discharges 

primarily as seeps, springs, and baseflow to South Walnut Creek. This is particularly apparent where the 

water bearing strata are incised by the creek, There is a spring and seep complex on the south bank of 

South Walnut Creek, above ponds B-1 and B-2, where the Arapahoe No. 1 Sandstone subcrops. 

Concentrations of VOCs above Tier I action levels were detected at this location during 1998. The 

presence of VOCs in the seep complex indicates that contaminants have reached South Walnut Creek. 

The Arapahoe No. 1 Sandstone is present beneath the East Trenches source area and constitutes a 

preferential groundwater flow pathway towards South Walnut Creek. This unit is continuous in the 

subsurface from the East Trenches to the distal end of the East Trenches plume and much of the 

groundwater flow and contaminant flux is through this material. In addition, contaminated groundwater 

from the East Trenches plume directly discharges into the Valley Fill Alluvium underlying South Walnut 

Creek. This deposit may also act as a preferential pathway for contaminated groundwater (RMRS, 

0 

19998). 

Work to be performed on this project during 1999 will be the installation of a downgradient capture 

system near South Walnut Creek to intercept contaminated groundwater. A subsurface groundwater 

collection system coupled with a passive reactive metal treatment system will be utilized to treat VOC 

contaminated groundwater from the East Trenches plume to below surface water action levels. The 

downgradient capture system was chosen as the best remediation method, following an evaluation 

including other more traditional options, because it effectively treats the existing VOCs to below action 

levels at lower life cycle cost than other treatment options. 

An impermeable barrier groundwater collection system will be keyed into the underlying claystone or low 

permeability colluvium, depending on the elevation of the bedrock surface, and the collected groundwater 

will be treated in a separate treatment system. A collection sump will be installed at the eastern end of the 

collection system. The captured groundwater will then gravity flow out of the collection system into a 

0 
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0 series of cells containing reactive iron filings, which will remove the VOCs. The treated water is 

expected to discharge to groundwater through an infiltration gallery, however, for added flexibility the 

system will be designed to allow discharge directly to South Walnut Creek if necessary. 

6.4 903 Pad/Ryan’s Pit Plume 

The 903 PadRyan’s Pit Plume is located directly south of the southeast comer of the PA and between the 

903 Pad and Woman Creek at WETS. Two sources, the 903 Pad and Ryan’s Pit, contribute to this plume 

of contaminated groundwater. The primary analytes comprising the 903 PadRyan’s Pit Plume are carbon 

tetrachloride, TCE, and PCE. The nearest receiving streams for the plume are the South Interceptor Ditch 

(SID), located approximately 150 feet north of Woman Creek, and Woman Creek. There was an agreed 

upon 1999 compliance milestone for characterizing 903 PadRyan’s Pit Plume groundwater to protect 

surface water quality in Woman Creek. The Ryan’s Pit source removal began in September, 1995, with 

the removal of contaminated soil. The soil was treated in February, 1996, and the project was completed 

in August, 1996, with the replacement of treated soil. The 903 Pad source removal is scheduled for 2001. 

Figure 6-4 presents the location of the 903 Pamyan’s Pit Plume area. 

The 903 Pad was utilized as a drum storage area from the summer of 1958 to January 1967. The drums 

contained oils and VOCs contaminated with various radionuclides. Approximately 75 percent of the 

drums contained plutonium contaminated liquids and most of the remaining drums contained uranium 

contaminated liquids. Within the drums containing plutonium, the liquid was primarily lathe coolant and 

carbon tetrachloride in varying amounts. Also stored in drums were hydraulic, vacuum pump, and 

silicone oils; TCE; PCE; and acetone still bottoms. Leaking drums were observed in 1964 during routine 

handling operations. The area was fenced to restrict access, and the contents of leaking drums were 

transferred to new drums. When cleanup of the 903 Pad began in 1967, there were a total of 5,237 drums 

at the storage site, approximately 420 of which had leaked to some degree. An estimated 50 drums had 

leaked their entire contents. It was estimated that approximately 5,000 gallons of contaminated liquid, 

containing about 86 grams ofplutonium, had escaped to the subsurface. During 1968 and 1969, some of 

the radiologically contaminated material was removed, the area regraded, and much of the area capped 

with asphalt. Dense non-aqueous phase liquids (DNAPLs) are suspected to exist beneath the 903 Pad and 

high concentrations of VOCs are present in groundwater beneath and downgradient of the site. 
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Ryan’s Pit (previously known as Trench T-2) is located approximately 150 feet south of the 903 Pad and 

was approximately 20 feet long, 10 feet wide, and 5 feet deep. The 1995 source removal took place 

between September 5th and 12th. The excavation was 32 feet long, 18 feet wide, and varied in depth 

from 5.5 to 8 feet. It was originally thought that Ryan’s Pit was used for disposal of sludge from the 

sanitary wastewater treatment plant, as the East Trenches, which were filled from 1954 through 1968. An 

extensive evaluation of aerial and low angle oblique photography, spanning the years of 1953 through 

1971, indicated that Ryan’s Pit was not in existence until 1969 (DOE 1996b). Ryan’s Pit was used from 

approximately 1969 to 1971 for the disposal of nonradioactive liquid chemical wastes. The wastes were 

primarily solvents (PCE, TCE, and carbon tetrachloride), paint thinners, diesel fuel, and other 

construction related chemicals. However, wells downgradient of Ryan’s Pit are anomalous in uranium 

233/234 and U238 (DOE 1997 B, Plates 17 and 21). Radiation screening of the wastes was performed 

and if identified as nonradioactive, the liquids were dumped in the trench. Only liquids were put into the 

pit; containers were either reused or disposed of in other areas (DOE 1992b). 

In 1998, the WETS program to characterize the 903 PadRyan’s Pit plume was approved by the EPA and 

the CDPHE. A field investigation was performed during 1998 to delineate the extent of groundwater 

contamination in areas with potential impact to surface water at the distal end of the 903 PadlRyan’s Pit 

plume. The investigation included the installation of 26 Geoprobe boreholes with six yielding enough 

water for VOC sample collection. The results were used to develop preliminary recommendations 

regarding the need for remedial action(s) to contain and/or treat contaminated groundwater from this 

plume. The results (Figure 6-4) indicate that the extent of the 903 Pamyan’s Pit plume adjacent to 

Woman Creek is limited, that VOC concentrations within the plume are relatively low, and the ability of 

the saturated colluvium and weathered claystone within the area of the groundwater plume to transmit 

significant amounts of groundwater (and therefore a significant flux of contaminants) to the Woman 

Creek drainage is limited. The contaminated groundwater plume is not affecting surface water quality, 

and there was evidence of the occurrence of natural attenuation (RMRS, 199911). Based on the results, it 

was proposed that the preliminary remedial design consist of natural attenuation, which involves intrinsic 

biodegradation coupled with physical loss mechanisms, as a groundwater evaluation strategy for the 903 

PaURyan’s Pit plume. 

0 

Work planned for 1999 on this project includes the installation of four permanent downgradient 

monitoring wells to monitor VOCs. One ofthese wells will twin 1998 Geoprobe borehole 01298. The 

other three will be downgradient of the 1998 Geoprobe boreholes and upgradient of the SID. These wells 

will provide the necessary information to establish a trend in downgradient VOC concentrations. 

Monitoring will initially be performed quarterly. If at any time the groundwater monitoring data indicates 

0 
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that the plume may cause surface water concentrations to exceed the established limits, then the remedial 

design for the 903 PadRyan’s Pit plume will have to be reevaluated. 

6.5 903Pad 

As stated previously in Section 6.4, the 903 Pad was utilized as a drum storage area from the summer of 

1958 to January 1967. The drums contained oils and VOCs contaminated with various radionuclides. 

Also stored in drums were hydraulic, vacuum pump, and silicone oils. Lealung drums were observed in 

1964 during routine handling operations. When cleanup ofthe 903 Pad began in 1967, there were a total 

of 5,237 drums at the storage site, approximately 420 of which had leaked to some degree. It was 

estimated that approximately 5,000 gallons of contaminated liquid, containing about 86 grams of 

plutonium, had escaped to the subsurface. VOCs have impacted groundwater as a result of the leaking 

drums. DNAPLs are suspected to exist beneath the 903 Pad and high concentrations of VOCs are present 

in groundwater beneath and downgradient of the site. Figure 6-5 presents the site location. 

A field investigation took place during 1998 (and continued into 1999) at the 903 Pad, 903 Lip Area, and 

Americium Zone, which are located in the Buffer Zone Operable Unit (OU). The purpose of the 

investigation was to estimate the volume of soil exceeding the RFCA Action Level Framework (ALF) 

Tier I soil action levels or other action levels identified as being protective of surface water for 

radionuclides in surface soils and VOCs in the subsurface (RMRS 1998d). This discussion will focus on 

the portion of the investigation associated with the 903 Pad and the VOC contamination associated with 

the 903 Pad. The portion of the investigation which encompasses the 903 Lip Area and the Americium 

Zone deal with radiological contamination which spread from the 903 Pad to the 903 Lip Area by wind 

and rain and to the Americium Zone primarily by wind dispersion. T h ~ s  airborne contamination has had 

little or no impact on groundwater. 

0 

Work completed during 1998 on the 903 Pad VOC investigation, that are pertinent to this discussion, 

consisted of the drilling and sampling of eight soil boreholes. The boreholes, which were advanced with 

a Geoprobe rig, varied in depth from 16 to 22 feet below ground surface and were sampled as composites 

The results of these samples will be available in the RMRS 903 Pad Characterization Report to be 

released in 1999. No new monitoring wells were installed during the investigation of the 903 Pad. 

Two existing monitoring wells, 06691 and 08891, both located on the 903 Pad, were sampled on June 10, 

1998, in support of the 903 Pad VOC investigation. The results of these samples indicate that h g h  

concentrations of VOCs exist beneath the 903 Pad at both locations. Monitoring well 06691, located in 
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0 the west central portion of the 903 Pad, had results of 85,000 and 9,400 pg/L for carbon tetrachloride and 

PCE, respectively. These concentrations are almost double for carbon tetrachloride and almost four times 

greater for PCE than from the previous sampling event, which took place on July 20, 1994. The 

concentration of TCE decreased from 2500 pg/L in 1994 to 180 pg/L during the 1998 sampling round. 

Methylene chloride had a 1998 result of 29,000 pg/L in monitoring well 06691. The 1998 data has not 

been validated yet, which may be pertinent in the case of methylene chloride, a common laboratory 

artifact. Methylene chloride contamination is known at well 0669 1, with validated concentrations as high 
as 24,000 pg/L observed in November 1992. Monitoring well 08891, located in the northeast quarter of 

the 903 Pad, was previously sampled on June 19; 1995. The concentration of carbon tetrachloride 

decreased from 5500 to 5300 pg/L from 1995 to 1998. The concentration of PCE increased from 16,000 

to 27,000 pg/L from 1995 to 1998. Methylene chloride, which had historically been non-detect at 

monitoring well 08891, exhibited a result (not validated) of 11,000 pg/L in 1998. The concentration of 

TCE at monitoring well 08891decreased from 2.100 to 1,300 pg/L from 1995 to 1998. 

Methylene chloride is a natural degradation product of carbon tetrachloride. The 903 Pad is situated such 

that groundwater flow tends to bihrcate from beneath the pad with a component of flow trending 

northeast and another component trending southeast. It is possible that the methylene chloride observed 

in 1998 at monitoring well 06691 is spreading northeast (and possibly impacting monitoring well 08891) 

and southeast. 

During 1999, nine additional Geoprobe boreholes will be completed as part of the 903 Pad VOC 

investigation. Four new monitoring wells will be installed during 1999 on the 903 Pad which will twin 

existing wells that have Pu/Am detections. This work is associated with the Actinide Migration Project. 

The Site Characterization Report for the 903 Pad will be completed in 1999. 

6.6 T-1 Trench Excavation 

The T-1 trench is located approximately 40 feet south of the southeast corner of the PA fence at WETS. 

The site is also known as MSS 108. Before its excavation, the trench was anticipated to be 

approximately 200 feet long, 15 to 20 feet wide, and 10 feet deep. Figure 6-6 presents the location of the 

T- 1 trench. Kstorical documentation indicates that depleted uranium metal chips, derived from lathe and 

machine turnings, and originating from Building 444 were packed in drums with lathe coolant and buried 

in the west end and possibly the east end of the T-1 trench. It was suspected that as many as 125 drums of 

t h s  material were buried in the trench. In addition, it was suspected that ten drums of cemented cyanide 0 
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0 and one drum of still bottoms, consisting of recovered waste solvents or evaporated lathe coolant sludge, 

were buried in the trench along with an unknown amount of assorted debris. Drums buried in the trench 

were covered with one to two feet of soil. The trench was filled intermittently from November 1954 to 

December 1962. Weed cutting activities in the fall of 1982 revealed two drums which were no longer 

adequately backfilled. Samples of the liquids and sludges in the drums yielded low levels of plutonium 

and uranium (potentially enriched). Since the discovery of the drums, numerous site investigations have 

been conducted along with historical aerial photograph review, a detailed record search, and employee 

interviews to evaluate the area and to determine the potential contaminants present, (RMRS, 1998e). 

The geology of the area surrounding the T-1 trench consists of Rocky Flats Alluvium overlying 

weathered, predominantly claystone, bedrock of the Arapahoe Formation. In the trench area proper, one 

or two feet of fill material overlie anywhere from 8-13 feet of alluvium. The alluvium consists of lenses 

of poorly sorted clayey and silty sand and gravel interbedded with clay and silt lenses. Groundwater in 

the vicinity of the T-1 trench seasonally varies in depth from approximately 10 to 22 feet below ground 

surface. In May 1995, a period with abnormally high precipitation, groundwater was measured within six 

feet of the ground surface. It is likely that groundwater had, on occasion, reached the base of the trench 

and possibly come into contact with buried drums 0 
The T-1 trench excavation was completed from June 10 through August 20, 1998. The actual 

measurements of the excavation were not recorded. Prior to excavation a large, freestanding, temporary 

structure was constructed over the trench. This tent allowed for the excavation, inerting, and stockpiling 

of soil and waste regardless of weather conditions. One hundred seventy one drums or containers were 

removed from the trench during the excavation activities. Other than drum carcasses very little debris 

was encountered. Results of the sidewaII and excavation floor verification samples indicate that all 

criteria in the Final Proposed Action Memorandum for the Source Removal at Trench I ,  IHSS 108 were 

met. For radionuclides and cyanide, subsurface soils were cleaned up to below Tier I1 action levels; for 

VOC’s, subsurface soils were cleaned up to below Tier I action levels (RMRS, 1999i). 

The T-1 trench may have possibly been a contributor to the contaminated groundwater that comprises the 

Mound Plume. As such, any groundwater contamination resulting from the leaching of the T-I trench 

waste would be remediated by the now operating Mound Site Plume Treatment System (see Section 6.1). 

Work to be performed on the project during 1999 will consist of removal of the T-1 trench tent structure 

in March and April, with final site reclamation to be completed by September 1999 

0 
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7.0 OTHER GROUNDWATER PROGRAM ACTIVITIES 
0 

7.1 Well Control Program 

The Well Control. Program (WCP) establishes the administrative guidelines for the installation of all new 

monitoring wells and piezometers at WETS. The procedures which comprise the WCP will be 

implemented through the Water Operations Division; more specifically Groundwater Operations. The 

WCP was integrally designed to assure compliance with the procedures for monitoring well installations 

at WETS and the complete documentation of all pertinent data relative to all monitoring wells installed at 

WETS. It also assures compliance with the regulations set forth by the State of Colorado, Office of the 

State Engineer, State Board of Examiners of Water Well Construction and Pump Installation Contractors, 

in 2 CCR 402-2, Revised and Amended Rules and Regulations of the Board of Examiners of Water Well 

Construction and Pump Installation Contractors. The WCP also provides guidance to the organization or 

individual responsible for installation of the monitoring well(s) or piezometer(s) regarding the interface 

between the WCP and applicable WETS soil disturbance procedures. 

A Well Control Program was originally placed in effect by EG&G on June 1, 1995. After one year the 

original WCP expired and was not reinstated. The new WCP described in this section will be adopted in 

1999. The new procedure document number is l-K92-RFP-94-001, Revision 1. 

The WCP has come back into existence because Groundwater Operations has been formally identified as 

the party ultimately responsible for well installation documentation. The purpose of the WCP program is 

threefold. First, to protect groundwater at WETS from improper drilling and well installation 

procedures, and to ensure that each installation receives a unique well name. Second, to ensure that all 

permitting activities required by the State of Colorado are complied with. Third, to create a central 

repository for data collection and management with respect to all data generated from the installation and 

sampling of new monitoring wells and piezometers. 

7.2 Real Time Groundwater Monitoring Network 

As a requirement of the WETS Integrated Monitoring Plan, a real time water level monitoring network 

was established for the UHSU during 1998. The network consists of twenty-five monitoring wells 

outfitted with In-Situ Inc., Model SP4000, Troll@ data logging systems. The twenty-five monitoring 

locations were chosen for the program based on surface location, historical groundwater occurrence at 

each location, stratigraphic completion interval, and well construction details. The network provides for 

simultaneous measurement of groundwater levels at all locations. The goals of the real time groundwater 
0 
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monitoring network are to provide ample, concurrent, water level measurements for environmentally or 

hydrogeologically sensitive areas of WETS, such as beneath and downgradient of the IA, and along 

stream channels to the north, south, and east of the IA. This data, when used alone or in conjunction with 

similarly collected surface water data, will allow a greater understanding of the effects of precipitation 

and surface water infiltration events on the UHSU. 

0 

The Troll is a compact downhole instrument that contains a data logger, temperature sensor, pressure 

transducer, and battery in a self-contained watertight unit. It measures and records temperature and 

temperature-corrected water level and allows for unattended long-term monitoring. It is programmed and 

downloaded with a portable computer. In-Situ Inc. 's Win-Situ@ software allows the user to communicate 

with the Trolls in order to program a variety of short-term tests, a long-term monitoring scheme (such as 

is currently being implemented at WETS), or to download data. 

The real time groundwater monitoring network was activated with the initial twenty five monitoring 

stations on Wednesday, June 17, 1998. At tlus time all of the Trolls are programmed to measure the 

water level in each well every four hours; twelve A.M., four A.M., eight A.M., twelve P.M., four P.M., 

and eight P.M. As shown on Plate 11 and Figure 7-1, monitoring wells utilized for the real time 

groundwater monitoring network are located to provide sitewide coverage with concentration in the IA 

and immediately east of the IA. In addition, locations were chosen to monitor water levels in colluvial, 

alluvial, and weathered bedrock (pediment surface) deposits within the UHSU. The arrangement of 

Trolls throughout WETS will allow observation, simultaneously across the site, of the impact of a 

precipitation idiltration event on the UHSU. The location of the Trolls within the various sedimentary 

depositional environments and weathered bedrock which comprise the UHSU will allow for a better 

understanding of the relationship between groundwater and surface water at various locations around 

WETS. 

0 

The monitoring wells currently included in the real time groundwater monitoring network are 1086, 3686, 

4786,5586,6886,0187, 1487, PI 14889, P115489, P119389, P209889, P213689, P415889, P416589, 

B200589, B210489,03791,05191,20691,20991,37591,77492,05293, 10794, and 51494. 

There are certain wells where incomplete or very little data exists from the startup date of approximately 

June 17, 1998, through the end of calendar year 1998. Monitoring wells 20991 and 4786 had the Trolls 

initially installed under a water column of greater than 34.5 feet. This exceeded the 15 pounds per square 

inch (psi) rating of the Trolls. This was remedied by raising the Trolls in the wells so that the water 

columrt did not exceed the 15 psi rating. These are the only two wells in the real time groundwater 0 
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0 monitoring system that could be affected by this phenomenon. In addition, there were a few monitoring 

wells for which data or partial data was inadvertently lost in the field because of operator error whle 

learning to operate the Trolls, or upon downloading the Trolls. Because ofthese errors, there is no 1998 

data for real time groundwater monitoring stations 4786, 5 1494, and 6886. 

Data collected from the real time groundwater-monitoring network has been analyzed for the period of 

June 17 through December 3 1, 1998, for presentation in this 1998 Groundwater Monitoring RFCA 

Annual Report. Plate 11 presents the monitoring locations with a hydrograph of the groundwater level 

data collected from that station. Superimposed on the hydrograph is precipitation data from the particular 

surface water station at RFETS that is closest to the individual real time groundwater monitoring station. 

The hydrographs and precipitation data imply that responses to precipitation events are varied across 

RFETS. The following are general observations from the first one-half year of real time groundwater 

monitoring data: 

Wells in or immediately adjacent to creek beds generally exhibit an almost immediate response to 

precipitation events. This includes wells B210489, 3686, and 6886. Well 10794, downstream of the 

A-Ponds: appears to be the exception. This well appears to only show responses to discharges from 0 Pond A-4. 

Wells east and southeast ofthe IA (1487, 05191, 03791, and 20991) generally exhibit baseflow 

conditions with little or no response to individual precipitation events. These wells show a relatively 

smooth decline in water level during the last six months of 1998, Well 2069 1, located just southeast of 

the southeast corner of the PA, exhibits this general trend but does have precipitation events 

superimposed on the baseflow in a subtle manner. This well is screened in a buried paleochannel and that 

may account for its sensitivity. 

Wells in the IA (including the PA), of which there are 11 with Trolls, generally exhibit a response time to 

precipitation events of approximately a few days to up to ten days. One exception to this is well 

P114889, located just southeast of the southwest corner of the PA, which exhibits a general decline in 

baseflow with no precipitation events superimposed on it. It is situated between two wells with Trolls, 

P119389 and P115489, which e h b i t  a marked response to precipitation events. Another exception is 

well P209889, located on the hllside just north of the SEPs, which exhibits a baseflow decline with only 

very minor precipitation response. 

Well 0187, located on the hillside just southwest of Building 88 I, shows the greatest and most immediate 

response of any well, other than those in drainages, to a precipitation event. 
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Well 1086, located immediately upgradient of the Present Landfill, exhibits an approximately one-week 

response time to precipitation events superimposed on baseflow. 

The series of wells trending from the southwest to the northeast in the buffer zone north of the IA is 

expected to exhbit natural flow conditions along the high pediment surface without the effects of the 

plant site. These wells include 4786 and B200589, as well as 11494, 1190, and B200889 which will be 

added to the network during 1999. Wells 5 1494 and 5586 probably exhibit the same sort of background 

baseflow to which plant site wells can be compared. This may allow for a better understanding of the 

plant site’s affect on an individual well’s response to recharge or dewatering events. 

The 1999 Annual RFCA Groundwater Monitoring Report will present one and a half years of 

groundwater and precipitation data on the hydrographs. More than a full yearly cycle will be displayed 

allowing for more complete analysis and discussion. 

The following monitoring wells are scheduled to have Trolls installed in them and be added to the real 

time groundwater monitoring network during 1999: 0186, 3986, 1587,4287, P414189, B200889, 1190, 

and 11494 (Figure 7-1). In addition, during 1999 all real time groundwater-monitoring stations will be 

brought into compliance for year 2000. 

7.3 Well Abandonment and Installation 

Figure 7-2 presents the locations of all 1998 monitoring well installations and abandonments. 

During 1998 there were 67 monitoring wells installed at WETS. Ofthe 67 wells, 6 1 were installed for 

the purpose of plume characterization, and six were installed as part of Building 123 D&D activities. All 

of these monitoring wells were installed with a Geoprobe to monitor the UHSU. Following is a listing of 

1998 monitoring well installations by area: 

Monitoring wells 001 98 - 02298 were installed as part of the 903 PadRyan’s Pit Plume 
characterization project. 

Monitoring wells 02398 - 02898,03598, 03698, and 03998 - 04298 were installed as part of the East 
Trenches/B-Ponds characterization project. 

Monitoring wells 03198 - 03498 were installed as part of the Solar Ponds Plume study. 

Monitoring wells 10098 - 10598 were installed to monitor Building 123 D&D activities. 

Monitoring wells 20098 - 22298 were installed to monitor the North Industrial Area Plume. 
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0 During 1998 there were 35 monitoring wells abandoned at RFETS. The wells were abandoned because 

they were located in areas where treatment systems were going to be constructed or site remediation was 

taking place. Following is a list of 1998 well abandonments by area: 

0 Monitoring wells 10297 - 11297, 11497, 11597, and 1 1797 were abandoned as part of the 
construction activities associated with the SW059/Mound Site Plume treatment system. 

Monitoring wells 22597 - 23997,24197 - 24497, and 25097 were abandoned as part ofthe 
construction activities associated with the B-PondsEast Trenches Plume treatment system. 

Monitoring well 2387 was abandoned because of its proximity to the T-1 Trench excavation. 

0 

0 
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8.0 CONCLUSIONS AND FUTURE ACTIVITIES 

The groundwater program experienced a number of improvements during 1998 and set projects in 

motion which will be accomplished in 1999. The following conclusions can be made with respect to the 

groundwater program based on the detailed discussions found elsewhere in the report. 

Data collection and data quality for groundwater samples collected in 1998 have improved in the areas of 

data validation and verification. Much of this information was readily available and could be included in 

the data quality assessment section. Though the validation and verification percentages are not at the 

required levels the results show that only a small percentage of the analytical data is rejected. In addition, 

procedural improvements have been made in 1999 that will help collect more samples from wells that 

have low recharge. This will be done by timing visits based on an  approximate recharge rate rather than a 

set time period. 

The implementation of the real time monitoring network will also improve the understanding of the 

nature of recharge at WETS and will potentially shed light on discharge and flow rates. 

With respect to groundwater reporting, changes have been made to this years Annual RFCA Groundwater 

Monitoring Report based on input from the regulatory community. This report tried to focus on data 

evaluation as opposed to data presentation. Individual wells have been discussed more completely and 

the results of groundwater evaluations have been expanded. The actual data used in the annual report will 

be provided in the RFCA Quarterly reports and not reproduced here. The FWCA Quarterly reports have 

stayed the same except for some changes in the format of the report. 

The Building D&D monitoring program was expanded with the addition of the Building 123 monitoring 

network. D&D monitoring for Bldg. 444, 886 and 77 1 will be implemented in 1999. 

The largest programmatic improvement for groundwater has been in the characterization and 

quantification of groundwater plume nature and extent. Evaluation of the East Trenches Plume resulted 

in a remedial strategy involving the construction of a passive VOC treatment system which will be 

installed in 1999. The Solar Ponds nitratehranium plume also received additional characterization and 

modeling of contaminant fluxes. This has also resulted in a remedial decision to construct a groundwater 

treatment system in 1999. 

Characterization activities were also initiated for the Ryan’s Pit/903 Pad Plume with installation of a line 

of temporary wells and estimation of plume flux to Woman Creek. A natural attenuation project will be 0 
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0 implemented in 1999 to determine whether contaminants are naturally degrading prior to impacting 

surface water. 

Groundwater evaluation of the northern end of the Industrial Area plume has revealed significant 

contamination that may be reaching surface water from both the IA plume, and the carbon tetrachloride 

plume, which has MSS 11 8.1 as its source. A natural attenuation study was also implemented for the 

IHSS 1 18.1 source area. Future groundwater evaluations will involve establishment of the eastern extent 

of the IA plume and investigating natural attenuation at the PU&D Yard Plume. 

Given the large amount of new data with respect to the nature and extent of groundwater contamination at 

WETS, a review of the groundwater monitoring network will be done in R O O .  It is anticipated that 

some minor changes will be made to the monitoring based on this evaluation. Specific areas of review 

would include the north IA, the Present Landfill, and the Ryan’s Pit source area which have shown 

evidence of increased extent or concentrations of contaminants. 
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DOE/RFFO CERCLA Administrative Record: SW-A- I J ~Y/Y&  



TARGET SHEET 

Plate 4: 

Radionuclides in 
Groundwater RFCA 

Wells, 1998 

Map ID: 99-0352 

August 13, 1999 

DOE/RFFO CERCLA Administrative Record: SW-A- ’+ I . 



TARGET SHEET 

Plate 5: 

VOCs in Groundwater 
RFCA Wells, 1998 

Map IO: 99-0352 

September 1 ,  1999 

DOE/RFFO CERCLA Administrative Record: SW-A- do 34”.lL 



TARGET SHEET 

Plate 6: 

Water Quality 
Parameters in 

Groundwater RFCA 
Wells, 1998 

Map ID: 99-0331 

September 2, 1999 

DOE/RFFO CERCLA Administrative Record: SW-A- ~~~~~~ 



TARGET SHEET 

Plate 7: 

Nitrate Concentration in 
Groundwater 199 1 - 1998 

Map ID: RFCA-RPT 

September 1 ,  1999 

DOEIRFFO CERCLA Administrative Record: SW-A- :;SSY~;fZ 



TARGET SHEET 

Plate 8: 

Water Level Change 
Map 1996 - 1998 

Second Quarter Data 

Map ID: 99-0381 

September 1, 1999 

DOEIRFFO CERCLA Administrative Record: SW-A- ~~~~~~6 



TARGET SHEET 

Plate 9: 

Water Level Change 
Map 1996 - 1998 

Fourth Quarter Data 

Map ID: 99-0381 

August 13,  1999 

DOE/FWFO CERCLA Administrative Record: SW-A- ~ ? ~ § ~ ~ ~  



TARGET SHEET 

Plate 10: 

VOCs Composite Plume 
Map 

Map I O :  FY99 RFCA RPT 

November 9,  1999 

DOE/RFFO CERCLA Administrative Record: SW-A- 3 5 $V%'b 



TARGET SHEET 

Plate 11: 

Real-Time Groundwater 
Monitoring Location 
Hydrographs with 
Precipitation Data 

Map ID: 98-0191 

September 1 ,  1999 

DOE/RFFO CERCLA Administrative Record: SW-A- .%3'WL 
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591 8.10 
591 8.10 

RF/RMRS-9%433. UN 

Date j Level from/ Elevation 

I 
1 TOC (ft.) I (ft.) 

j 
I ~ 

Location - 
001911 1/14/981 18.81 j 5951.63 
001911 4/6/98] 9.35 ~ 5961.09 
ooi97i 4/7/98/ 5.81 ~ 5921.69 . -  

001971 5/13/98] 6.10 I 5921.40 ! 
001971 7/1/981 9.34 ~ 5918.16 
001971 10/6/981 8.78 1 5918.72 
002931 1/12/98) 25.02 1 6027.42 
002931 2/3/98/ 25.21 : 6027.23 
002931 3/2/981 25.24 1 6027.20 
002931 4/10/981 24.09 I 6028.35 
002931 5/5/98! 20.39 6032.05 

~ 

002931 6/1/981 19.49 1 6032.95 
002931 7/9/981 20.87 6031.57 
002931 8/3/98/ 21.66 1 6030.78 
002931 9/3/981 22.15 ~ 6030.29 
00293 j 10/5/98 I 22.83 6029.61 
00293' 11/2/981 23.42 ' 6029.02 
002931 12/7/981 24.34 1 6028.10 
002971 1/7/98/ 11.01 5963.91 

00297 \ 3/3/98 1 1 1.1 1 5963.81 
002971 2/5/981 10.98 I 5963.94 

- 

002971 4/8/98 i 10.06 5964.86 
00297 ~ 7/7/98 I 9.65 5965.27 
00297 1 10/7/98 i 9.49 5965.43 
00391 1 11141981 4.28 5918.12 
00391 I 4/6/98 i 1.98 5920.42 
00397 I 4/7/98 ~ 1 1  .OO 5927.03 
003971 5/8/981 11.41 5926.62 
00397 I 7/1/98 i 
00397 I 10/6/98 I 
004911 1/8/98/ 12.85 ~ 5892.12 
00491 I 4/9/981 9.78 5895.19 

Or 1 Bottom 
Screen 

Dry 
Technically Dry 

(w.L. below I Elevation 
scm) 

1 
I 
I 5945.44 

1 -  

1 6004.44 + 
i 6004.44 
1 6004.44 
' 6004.44 _ _  

i 6004.44 
i 6004.44 
1 6004.44 
6004.44 

X 5966.62 
X 5966.62 
X 5966.62 ~. 

X ~ 5966.62 
x I 5966.62 
X 5966.62 

5900.60 

X 5929.03 
1 5900.60 

X I 5929.03 
DRY , 5929.03 

1 5887.47 
1 5887.47 

DRY i 5929.03 

~. 

' 5963.63 005971 1/7/981 10.92 5973.61 
005971 4/7/98i 5.35 5979.18 I : 5963.63 ! 
005971 5/8/981 5.62 5978.91 1 i 5963.63 
005971 7/1/981 9.97 , 5974.56 j 1 5963.63 , 
005971 10/5/98/ 12.03 I 5972.50 I 1 5963.63 
00697 I 1 /I 3/98 I 1 DRY ~ 5968.04 
00697 I 4/9/98 I I DRY I ' 5968.04 , 

I 00697 ~ 7/1/98 1 ~ 1 DRY 5968.04 
006971 10/6/981 11.66 i 5964.38 I X 1 5968.04 

- 
007971 1/13/98/ 23.49 5917.51 1 ~ 5914.20 
007971 2/9/981 22.00 I 5919.00 I 1 5914.20 ~ 

007971 3/2/981 27.72 I 5913.28 i X ! 5914.20 

A- 1 
i 
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0 
007971 4/9/98/ 24.78 I 5916.22 1 1 5914.20 
007971 7/2/98! 18.70 1 5922.30 I i 5914.20 
0 0 7 w  10/8/98i 21.87 ~ 5919.13 j 5914.20 
00891 I 1/8/98! I ~ DRY I 5852.05 
00891 ~ 2/9/981 I i DRY 5852.05 

I 00891 1 3/3/98 1 i DRY 5852.05 
00891 I 4/9/98 I I DRY 5852.05 , 

00891 i 5/5/98! i , DRY 5852.05 
00891 I 6/5/98 I I 1 DRY 5852.05 
00891 1 7/1/98/ DRY 5852.05 
00891 I 8/4/98 1 ~ DRY 5852.05 
008971 4/8/981 16.78 I 5950.82 , ~ 5939.10 

I 

00897' 7181981 19 56 ~ 5948.04 i i 5939.10 
00897' 10/5/98; 21.87 i 5945.73 I ' 5939.10 I 
009971 1/5/98i 5.80 1 5796.10 ~ ~ 5791.50 
009971 2/5/98i 5.82 5796.08 I I 5791.50 
009971 3/3/981 5.82 , 5796.08 1 5791.50 
00997 4/13/981 5.19 5796.71 5791 50 
009971 5/5/981 4 49 5797.4T 5791 50 

5791 50 00997 6/2/981 4 87 5797 03 I 

00997 7/1/98' 569 579621 5791 50 
00997 8 /4 /9871  02 5790.88 ~ X I 5791.50 
00997 9/3/98! 608 5795.82 ~ 5791 50 
00997 10/6/981 5 97 5795 93 ' 5791 50 
00997 11/4/98 5 92 5795.98 , 5791 50 
00997 12/3/98 5 88 5796.02 5791 50 
01097; 5/8/98 I 1  74 601726 I 5989 20 
01197 1/16/98 13 24 6002.04 5987 28 

5987 28 01197 5/8/98I 6 84 6008.44 
01291 1/8/98, 17 08 5835 77 X 5839.55 
01291 4/9/98' 17.07 5835.78 X 5839.55 

01297, 5/8/98' 221 601389 I 5982.10 
013911 1/7/9810.72 ' 5964.58 , 5961.30 

___ 

. _ _ ~  

2- 

. -~ 

_ _ _ ~ _ ~ _ _ _ _ _ _ _  

- ~- 

_ _ ~ - _ ~ ~ _ _ _ _  

01291, 10/6/981 1370 ' 5839.15 X 5839 55 ~ ~ _ ~ _ ~  

01391 I 2/9/981 10.75 
01391 I 3/5/981 11.08 
01391 I 4/1/98/ 10.51 
01391 I 5/6/98] 9.81 
01391 i 6/3/981 10.04- 
01391 i 7/1/98I 10.39 
01391 ~ 8/4/981 10.65 
01391 1 9/8/981 11.03 
01 391 I 1 OW98 I 1 1.39 
01391i 11/5/981 11.62 
01391 i 12/7/98/ 11.36 
013971 5/8/98/ 1.31 
014971 5/8/98j 3.97 
015971 5/8/98/ 4.50 
01 697 I 5/8/98 i 1 7 . 1 1  

5964.55 ! ~ 5961.30 
5964.22 1 ~ 5961.30 
5964.79 1 ; 5961.30 
5965.49 1 5961.30 
5965.26 1 ~ 5961.30 
5964.91 I I 5961.30 
5964.65 1 i 5961.30 
5964.27 1 5961.30 
5963.91 ~ I 5961.30 
5963.68 1 ~ 5961.30 
5963.94 , ~ 5961.30 
6005.63 ~ 1 5984.74 
5999.93 I 1 5980.80 
6001.86 i i 5976.76 

I I 

5981.85 ~ 1 5970.76 

A-2 
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023971 2/5/98' 

023971 4/8/98 
02397 I 3/3/98 

RF/RMRS-99-433. UN 

11.31 ~ 5975.50 I X ; 5975.81 

9.06 I 5977.75 ~ ' 5975.81 
I i DRY ~ 5975.81 

017971 5/8/981 15.71 1 5981.29 1 1 5975.00 
01861 1/5/98/ 9.45 I 5619.87 I j 5619.12 
0186i 2/9/98! 9.19 8 5620.13 I : 5619.12 
01861 3/3/98i 8.99 , 5620.33 1 j 5619.12 
01861 41131981 8.51 ' 5620.81 ] ' 5619.12 
01861 5/4/98i 8.95 ' 5620.37 1 ' 5619.12 
01861 6/4/98l 9.71 5619.61 i I 5619.12 
01861 7/2/98] 10.71 I 5618.61 1 X I 5619.12 
0186/ 8141981 11.96 5617.36 \ X 561 9.12 
01861 9/1/981 12.31 5617.01 ' X 561 9.12 
01861 10/8/981 I DRY 5619.12 
oi86i ii/3/981 I DRY ~ 5619.12 
01861 12/4/981 9.94 5619.38 1 ; 5619.12 
oi87i i/6/98i 9.79 5984.29 ! 5982.28 
0187i 3/12/98/ 10.71 5983.37 ~ ~ 5982.28 
0187i 4/8/98i 6.91 5987.17 1 , 5982.28 
0187; 5/7/98i 7.22 5986.86 ! 5982.28 
0187 6/3/981 8.56 5985.52 5982.28 
0187 6/18/981 9.00 5985.08 I 5982.28 

7/8/981 9.68 5984.40 1 I 5982.28 
0:::;: 38/98! 10.06 #--' 5967.70 

6001.38 01901 1/12/981 36.00 6009.88 
~ 6001.38 

01901 3/4/981 36.64 6009.24 I ' 6001.38 
2/4/981 36.00 6009.88 1 

01901 4/10/98i 31.30 6014.58 ' 6001.38 1 
01901 5/5/981 25.13 6020.75 I 6001.38 
0190/ 6/1/98; 27.88 6018.00 ~ 6001.38 
019Oi 7/9/981 32.25 6013.63 ' 6001.38 
01901 8/3/981 33.67 6012.21 6001.38 

1 6001.38 
0190: 10/5/98i 35.61 6010.27 6001.38 
01901 11/2/98' 36.22 6009.66 6001.38 
01901 12/2/981 36.77 6009.11 6001.38 

01997' 5/8/98! 7.66 5978.24 I 5973.90 
020971 5/8/981 3.72 5972.03 I- , 5963.85 
02197, 4/7/981 5.34 5955.36 ~ ' 5949.80 
02197l 5/8/981 6.03 5954.67 5949.80 
021971 7/1/98i 10.81 5949.89 ~ 5949.80 
021971 10161981 12.82 ' 5947.88 i X , 5949.80 
022971 1/12/98i 12.20 5966.45 I X 1 5966.65 
022971 2/5/98} 12.25 I 5966.40 I X ! 5966.65 

0190; 9/3/981 34.64 6011.24 ' - 

022971 3/3/981 12.37 j 5966.28 ~ X I 5966.65 
022971 4/8/981 11.43 I 5967.22 1 i 5966.65 
022971 7/7/981 12.22 ' 5966.43 ~ X j 5966.65 
022971 10/7/981 12.43 I 5966.22 I X : 5966.65 ! I 

023971 1/12/981 10.53 ~ 5976.28 1 I 5975.81 

A-3 
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026911 3/11/98) 10.15 5926.23 I 
1 

RFlRMRS-99-433. UN 

5920.38 
' 5920.38 ~ 

I 023971 7/7/981 11.46 1 5975.35 1 X 1 5975.81 I 

4 ' 5892.95 5896.26 
5894.94 I I 5892.95 

+ 

I 02397i 10/7/98/ 11.42 ~ 5975.39 i X 1 5975.81 1 

~ ~ -- 
02901 3/4/981 47 -5- 37 6003 28 I -- 
02901 4/10/981 46.79 I 6003.86 I I 5993.15 __ 

02901 5/5/98/ 42.80 I 6007.85 ~ 5993.15 - 
02901 6/1/98/ 41.78 ' 6008.87 ~ 1 5993.1 5 

__ 

__ 
02901 7/9/981 43.47 6007.18 1 i 5993.15 

- 
02901 8/3/98] 44.34 I 6006.31 1 j 5993.15 - 
02901 9/3/981 45.04 1 6005.61 I ] 5993.15 
0290i io/5/98! 45.67 j 6004.98 1 5993.15 
0290 ~ 1 1 /2/98 I 46.03 6004.62 j 5993.15 

I 

024971 1/12/981 8.71 5970.71 1 j 5968.42 
024971 2/5/98( 8.85 , 5970.57 ~ 1 5968.42 
02497 1 3/3/98 1 I j DRY ~ 5968.42 
024971 4/8/981 5.94 5973.48 1 ~ 5968.42 - 

024971 7/7/981 8.11 5971.31 j i 5968.42 
024971 10/7/981 9.31 5970.11 1 ~ 5968.42 
02591 I 1/16/981 43.33 I 5882.01 i i 5876.24 

I 0259ii 5/11/98( 39.24 5886.10 i i - 1  

1; i 5891.80 I 

5893.74 1 I 5891.80 I 
1- 026971 5/7/981 21.72 5E 396.18 i ' 5891.80 I . ___ - 

02697 7/2/98) 21.57 5896.33 
026971 10/12/981 22.70 5895 20 ' 5891.80 
02797 1/6/98; 37.62 5893.90 I 

c-- 

______ ___ 

02797' 2/9/98' 37.67 5893.85 1 5890.12 
02797 3141981 37 77 5893 75 
02797' 4/1/981 37.81 5893.71 5890.12 
027971 5/7/98135.07 ' 5896.45 5890.12 

_ _ _ ~ _ _ _ _  

~ _ _ ~ _  ______ 
5890 12 
5890.3 

02897' 2lv9F36.62 5893.13 

028971 4/1/981 36 75 5893.00 ' 
02897 I 5/7/98 I 34 49 5895.26 

i- 

, _-____ 

02897 7/6/98 ~ 

02897 ~ 10/12/98 1 
0290 I 111 2/98 i 
0290i 2 

__ ~ - 

33.49 
34.81 - ._ 

47.27 ' 6003.38 i , 5993.15 
__ 

-~ ~ 

!/4/981 47.22 6003.43 , : 5993.15 I 
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0386 1 5/4/98 I 15.49 5662.37 : 5654.16 
03861 6/4/98l 14.83 5663.03 ' , 5654.16 
03861 7/2/98/ 14.85 ' 5663.01 ' j 5654.16 
03861 8/4/98l 15.31 1 5662.55 I 5654.16 

03861 10/8/981 15.72 1 5662.14 , 5654.16 
03861 i1/3/981 15.38 5662.48 ' ; 5654.16 
03861 12/4/98/ 15.95 1 5661.91 ; 5654.16 

039oi m 9 8 i  56.04 I 6023.09 ; 6014.13 

03901 41101981 55.95 6023.18 1 1 6014.13 
03901 5/5/981 54.33 1 6024.80 1 1 6014.13 
03901 6/1/98/ 52.79 1 6026.34 I 1 6014.13 
03901 7/8/981 52.50 1 6026.63 i 1 6014.13 
03901 813~~81 52.80 I 6026.33 1 i 6014.13 

03861 912198i 15.46 5662.40 I ! 5654.16 

03901 i/8/98i 55.98 1 6023.15 

03901 3/2/981 55.98 i 6023.15 I j 6014.13 

I 

A-5 
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03901 9/3/98/ 52.85 6026.28 I [ 6014.13 

039oi 11/2/981 53.28 ~ 6025.85 1 ~ 6014.13 
03901 12/7/98) 53.93 1 6025.20 j 6014.13 

039911 1/8/98/ 34.83 i 5902.04 / 5899.47 
03991i 4/1/98 35.50 j 5901.37 ] 5899.47 
03991 I 5/11/98 28.42 1 5908.45 ~ ~ 5899.47 
039911 7/2/98j 30.63 ~ 590624 1 5899.47 
03991 I 10/12/98 34.46 I 5902.41 1 j 5899.47 

040911 4/1/981 37.52 I 5892.62 X j 5894.14 
04091 1 5/11/98( 36.42 \ 5893.72 1 X 1 5894.14 

04191: 1/14/98] 1789 I 5939.10 i X 1 5939.89 
04191 ' 4/6/98/ 18.06 I 5938 93 X 1 5939.89 

-4478 ~ 5905.47 ' X ; 5906.15 
04591 i 4/6/98i 44 87-905 38 X ' 5906.15 
04591 i 7161981 42 90 ' 5907 35 ' I 5906 15 
0487 2/9/981 8.08 5903 50 , 5892.08 
0487' 3/2/98! 8 55 5903 03 i 589208 
0487' 4191981 4 26 5907 32 I 1 5892 08 
0487 5/5/98l 440 5907 18 ' 5892.08 
04871 - m 9 r 5 7 0  590588 i 5892 08 
0487 7/2/981 7 50 5904 08 I 5892.08 
0487 8141981 8 98 5902 60 1 5892.08 

1 5892.08 0487 9181981 10 19 5901 39 I 

04871 1- 11 31 ' 5900 27 5892 08 
0487 11/3/98l 11.78 5899 80 5892.08 
04871 12/1/98' 11 95 5899 63 5892.08 

04991 1/151981 41 31 589732 X I 5898.33 
04991 4/13/981 41 28 589735 X 5898 33 
04991 7/2/98 3609 5902 54 5898.33 
04991 10/6/981 37 58 5901 05 I 5898.33 
05091 1115/981 42 99 5896 25 I 589524 
05091' 4/13/98] 43.02 1 589622 1 I 589524 
05091 7/2/981 37 88 I 5901 36 ~ 589524 
05091) 10/6/981 3977 589947 I ~ 589524 
050931 2110198i9.84~ 5955 70 I ; 595504 
05191i 6/16/98/ 38.31 J 5901 54 ' , 5893.85 
05191 i m 9 8 1  3859 1 5901 26 I i 589385 
051931 1/6/98/ 971 5960.87T- 1 5959 18 

03901 10/5/98/ 53.18 1 6025.95 j i 6014.13 

040911 1/8/98 37.40 I 5892.74 i X i 5894.14 

04091 i 10/12/98i 37.29 I 5892.85 1 x 1 5894.14 

_ _ _ _ _ ~ ~  

-d____ 

--- 
_ _ _ _ ~  

_ _ _ - ~  

_-* - 

________ _-_)- 

-_ -~ _____ 
- A____----- 

~ _ _ _ _ _ _  - ____- 

___.___ 

_ _ _ _ _  

05193; 2/5/98/;.93 I 5961 65 ~ I 5959.18 ____ 
-52 I 1 595538 

051931 3/3/9s1 9 23 ~ 5961.351 1 5959.18 

051931 516/98/ 7 
051931 4/2/98/ 7 22 I 59!%.18 

RF/RMRS-9%433. UN 
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052931 6/17/981 8.23 I 5974.88 1 X 1 5975.41 ' 
052931 7/7/981 9.16 ! 5973.95 I X 5975.41 
05391 1 /8/98 I 34.44 5906.57 
05391 4/1/98; 34.30 ' 5907.37 ' 5906.57 

RF/RMRS-99-433, UN 

051931 9/2/981 11.67 / 5958.91 I X 1 5959.18 
051931 10/7/981 12.34 i 5958.24 1 X [ 5959.18 
051931 11/2/981 12.60 1 5957.98 I X ~ 5959.18 
051931 12/1/981 12.60 i 5957.98 I X I 5959.18 

I 051971 1/27/981 7.46 i 5979.24 / i 5958.701 
05291! 1/14/98! 36.71 I 5906.29 1 X i 5907.90 
05291' 4/6/98l 36.80 I 5906.20 1 X i 5907.90 
052931 1/12/98l 7.68 I 5975.43 1 j 5975.41 
052931 2/5/98i 7.85 I 5975.26 1 X 1 5975.41 

- 052931 3/3/981 8.18 5974.93 1 X \ 5975.41 
052931 4/8/981 6.60 1 5976.51 i i 5975.41 
052931 5/6/981 7.11 1 5976.00 1 
052931 6/2/981 8.15 I 5974.96 1 X I 5975.41 

05391 5/11/98? 26.34 5915.33 I 5906.57 
05391 7/2/98' 31.06 5910.61 ' 5906.57 
05391' 10/12/981 34.60 ~ 5907.07 I i 5906.57 1 
05393 2/11/981 m1 5950.78 1 i 5947.59 
05397 1/27/981 8 52 5979.13 1 , 5962.85 
05497 1/27/98 6.54 5979.36 ! j 5963.50 
05691 4/1/98' 28.37 5920.62 1 ' 5913.89 

' 5913.89 
05691' 5/11/98' 13.02 5935.97 ' I 05691 7/2/981 21.42 5927.57 ' 
05691 10/12/98i 28.12 5920.87 I l 5913.89 
05697 1/27/981 6.86 5978.94 I , 5967.00 
058971 1/27/98< 6 77 5890.78 I I 5875.25 
05997 1/27/98' 7.40 5979.30 I I 06091 1/6/98. 36.94 5894.66 

1 06091 2/9/98 37.04 5894.56 I 5890.90 1 ~- 

06091' 3/4/98i 37.18 5894.42 ~ I 5890.90 
060911 4/1/98; 37.16 5894.44 j 
06091 I 5/5/981 34.27 5897.33 1 5890.90 

1 

06091 ~ 6/4/98i 32.61 5898.99 i j 5890.90 
060911 7/2/98l 32.61 I 5898.99 I I 5890.90 
06091 I 8/4/98l 33.24 I 5898.36 \ 5890.90 
06091I 9/1/981 33.63 ; 5897.97 i ~ 5890.90 
060911 10/12/981 34.46 I 5897.14 I 1 5890.90 

11/4/98/ 34.90 i 5896.70 i i 5890.90 
I 5890.90 I-%%- 12/7/981 35.52 ; 5896.08 \ 

06191i 10/12/981 31.86 i 5888.86 I ! 5888.62 
06291; 1161981 27.66 I 5871.62 j 1 5866.38 
062911 2/9/981 26.96 ~ 5872.32 1 1 5866.38 
062911 3141981 26.77 1 5872.51 1 j 5866.38 
062911 4/1/981 26.85 1 5872.43 1 I 5866.38 

~~ 
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__ -__ J 

072911 12/4/98I 21.17 5957.63 , X 5958 20 
5939 21 073911 1/8/98;- 765 5942.96 ' 

073911 4/9/981 5.65 5944.96 I 5939.21 
07391 I 7/6/981 7.96 5942.65 5939.21 
073911 10/6/981 890 5941 71 5939 21 
08091 ' 1/14/98' DRY 5933.21 
08091 ~ 4/6/98 I DRY 5933 21 
08091 ' 7/6/98 I 15.67 5933.84 I 5933 21 

_ _ _ _ _ _ _ _ _ ~  

RF/RMRS-99433. UN 

0 
06291 I 5/4/98; 26.02 1 5873.26 1 ! 5866.38 
06291 1 6/4/98/ 25.25 i 5874.03 j ~ 5866.38 
062911 8/4/98; 24.14 1 5875.14 I ~ 5866.38 
06291 1 9/1/98/ 24.07 ~ 5875.21 j ~ 5866.38 
062911 10/12/98/ 24.27 ~ 5875.01 ! j 5866.38 
062911 11/4/98/ 24.34 i 5874.94 i i 5866.38 
062911 12/7/98/ 24.41 5874.87 i 5866.38 
063911 1/6/98i j DRY I 5882.57 
064911 1/15/981 14.40 1 5658.85 I 1 5657.35 
06491 I 4/13/98l 16.76 1 5656.49 1 X 5657.35 

1 

064911 7/2/98) 11.05 I 5662.20 j 5657.35 
064911 io/8/981 12.53 ' 5660.72 I , 5657.35 
069911 1/14/98i 18.48 1 5956.09 ~ I 5945.57 
069911 4/6/98/ 9.85 I 5964.72 1 j 5945.57 
072911 1/14/981 20.68 i 5958.12 1 X : 5958.20 
072911 2/2/981 20.86 ~ 5957.94 I X ~ 5958.20 
072911 3/2/98; 21.01 ' 5957.79 I X 5958.20 

5958.20 
072911 4/6/98; 17.12 5961.68 I I 07291 I 5/6/981 15.28 5963.52 I 

I 07291/ 6/8/981 18.31 5960.49 ' 5958.20 I 
______ 07291 i 7/6/981 2{1 

07291 ~ 8/10/981 20.62 5958.18 I 5958.20 
07291 1 9/8/981 20.79 5958.01 5958 20 
07291' 11/4/981 21.10 5957.70 5958.20 

0990 I 1/5/98 I 
0990 I 2/4/98 I 
0990 I 3/2/98 I 
0990 1 4/1/98 I 

6077.17 6048.48 
- 

3. 04 ' 6080.44 j I 6048.48 I 
09901 5/4/981 2.10 i 6081.38 I 

09901 7/1/981 5.10 6078.38 I , 6048.48 
0 9 9 0 j . 6 4  , 6077.84 i i 6048.48 

09901 9/1/981 6.15 6077.33 I 1 6048.48 
I 1 

09901 10/6/98] 6.71 6076.77 1 ~ 6048.48 
09901 11/3/981 6.75 ~ 6076.73 I I 6048.48 
0990j 12/1/98] 6.98 ' 6076.50 1 6048.48 

100921 1/13/981 I 1 DRY 5881.67 
100981 9/17/981 5.98 ~ 6029.52 j 6026.80 
100981 10/5/98/ 6.34 6029.16 ! 1 6026.80 
101941 1/15/98/ 38.64 j 5901.74 I 1 5899.58 
101941 4/9/981 38.51 1 5901.87 I 1 5899.58 

A-8 
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10/5/98i 4.89 i 6030.61 ~ 1 6022.40 

RF/RMRS-99-433. UN 

I 0292 i I /I 3/98 1 I DRY 1 5902.76 

10294 4/13/98] 3.01 ~ 5603.19 1 5591.60 

10394 

A-9 

7/2/98 I I 1 DRY I 5624.93 

10794 ~ 2/5/981 6.76 5691.75 
107941 3/4/98/ 6.78 1 5691.73 
10794 4/1/981 5.45 i 5693.06 
10794 5/5/981 5.82 I 5692.69 
10794 6/2/98/ 5.95 j 5692.56 

X I 5694.01 
X 5694.0 1 
X 5694.0 1 
X i 5694.01 
X j 5694.01 



DRAFT 
Appendix A 

~~ 

10861 7/1/98/ 7.64 I 5990.55 ~ ~ 5974.39 

1087 I 1016198 I I I DRY / 5971.52 

I 10871 1/16/981 DRY 1 5971.52 
1087 1 4/9/98 1 1 I DRY I 5971.52 

10892 I 1 /I 3/98 I ~ DRY I 5905.80 
1 5660.91 

108941 4/13/981 4.20 i 5664.71 I 5660.91 

~ 

RF/RMRS-99-433. UN 

___I_- -__- i__ 
5900 28 10994 I 5/18/98 15.30 5902.18 

09941/1/98;15.871 5901.61 5900.28 
10994 10/6/98 16 52 5900.96 I I 5900.28 

_ _ _ _ _ ~ .  - __ 
______ 

I 107941 7/1/981 6.80 i 5691.71 I x I 5694.01 1 

112941 5/5/98] 17.32 I 6156.18 i i 6097.30 
112941 6/1/981 17.19 I 6156.31 1 I 6097.30 

10861 1/7/98/ 9.11 1 5989.08 1 1 5974.39 
10861 2/5/981 9.55 5988.64 I ; 5974.39 
10861 3/5/98) 10.78 1 5987.41 1 j 5974.39 
10861 4/7/981 2.58 1 5995.61 1 j 5974.39 
10861 5/5/98/ 2.50 ~ 5995.69 I j 5974.39 
1086i 6/2/981 5.06 5993.13 i j 5974.39 
10861 6/18/981 6.24 5991.95 i ; 5974.39 

112941 7 / m 8  18.35 1 6155.15 1 j 6097.30 
112941 1 1 6097.30 
112941 9/2/981 19.90 I 6153.60 I 1 6097.30 

L I I 

I I 
108941 10/8/981 6 30 ~ 5662 61 1 I 566091 

10991 1/15/98 4416 589748 5890.64 
10901 5/8/98: 1 1  53 I 5975 33 

- -__ 
10992 1/13/981 29.77 ' 5868.79 I 

109921 4/9/981 26.60 5871 96 i 
10992 I 7/2/98 I 23.72 I 5874.84 

_______ 

_ _ ~ -  

^___________ 

109921 10/8/98 29.93 5868 63 
10994' 1/13/98i 1600 5901 48 , 

1- 4/9/98' 14.957 5902.53 , j 5900.28 1 

--___A 

11092 1/13/98' 22.44 5876.31 
11092i 4/9/98 

2 + - 7 {  5876.31 5876.3 ____ I 11092' 7/2/98 22.41 5872.90 

I_____ _____- 

11092~~0/8/98, 21.91 , 5873.40 X , 5876.31 1 
110941 5/14/98' 6.76 5905 61 5905.57 
112947 1/7/98; 20.33 6153.17 6097 30 

- 

,- I 112941 2/4/98i 20.07 6153.43 ~ 6097.3d 

112941 10/1/981 20.59 I 6152.91 1 

I 114941 1/7/981 19.19 1 6167.44 ~ I 6119.63 1 
j 6119.63 

~ 6119.63 
114941 3/2/981 19.39 j 6167.24 1 61 19.63 ~ 

A-IO 
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11691 1/13/98i 33.43 5906.48 ' 5906.41 
11691 1/13/981 33.43 5906.48 I 5906.41 
11691 5/11/98' - 30.76 5909.15 j 5906.41 
1187; 1/8/981 18.59 589653 I ' 5894.82 

11891 ' 4/1/981 23.69 5923.75 ; ' 591 9.44 
118911 5/11/981 20.42 5927.02 5919 44 
11891 7/2/98, 23.35 5924.09 591 9.44 
11891 10/8/981 25.87 5921 57 I : 591944 

- 

RF/RMRS-99433. UN 

114941 6/1/98] 16.65 I 6169.98 1 1 6119.63 
114941 7/2/98j 17.37 ; 6169.26 i j 6119.63 
114941 8/3/98; 17.95 i 6168.68 1 1 6119.63 
114941 9/2/981 18.43 1 6168.20 1 j 6119.63 I 
114941 10/1/98i 18.95 i 6167.68 j I 6119.63 
114941 11/2/981 19.52 i 6167.11 1 6119.63 
114941 i2/7/98i 20.20 1 6166.43 j ; 6119.63 
115941 1/7/981 59.92 6056.41 i I 6052.73 
115941 2/4/981 59.22 I 6057.11 i [ 6052.73 
115941 3/2/98l 58.98 ! 6057.35 ! 6052.73 
115941 4/10/981 59.31 6057.02 I 1 6052.73 , 
115941 5/5/981 56.75 i 6059.58 i j 6052.73 I 
115941 6/1/981 52.31 6064.02 1 j 60-1 
115941 7/2/98! 54.87 ' 6061.46 j 1 6052.73 
115941 8/3/981 57.22 ~ 6059.1 1 I 6052.73 
115941 9/2/981 58.29 6058.04 ~ 1 6052.73 
115941 10/1/981 58.91 6057.42 ~ ' 6052.73 
115941 11/2/981 59.25 6057.08 I I 6052.73 
115941 12/7/981 59.59 I 6056.74 rn 

11901 
1190; 
11901 
11901 

6/5/98 I 13.63 
7/8/981 16.04 1 

8/3/981 17.01 
9/3/981 17.93 

_____-- 
5987.45 I 1 5971.78 
5985.04 5971.78 
5984.07 ' I 5971.78 . -  - 
5983.15 i I 5971.78 

119Oi 10/5/981 18.75 1 5982.33 I 1 5971.78 
11901 11/2/98l 19.23 5981.85 I I 5971.78 
11901 12/7/981 19.53 1 5981.55 ~ 1 5971.78 

120941 i/12/98i 5.78 5757.29 1 5753.07 
121911 4/1/98! 23.50 i 5934.69 1 I 5925.19 
1219ii 7/9/98] 19.66 ~ 5938.53 1 1 5925.19 
12391 1 5/11/981 47.20 I 5894.50 I i 5873.30 
124911 1/13/981 27.61 1 5920.74 1 1 5888.35 
126911 1/13/981 31.60 1 5919.48 ! j 5887.98 
126911 4/1/98; 32.29 I 5918.79 1 ! 5887.98 
12691! 5/11/981 20.76 1 5930.32 1 1 5887.98 
126911 7/2/98/ 24.99 1 5926.09 1 1 5887.98 
126911 10/12/981 31.88 I 5919.20 j 5887.98 
12901 1/12/981 24.76 1 5990.11 1 1 5979.87 

A-11 
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RF/RMRS-99-433. UN 

10/12/98i 37.73 i 5887.62 I ' 5886.35 

12901 4/10/981 17.17 I 5997.70 I ~ 5979.87 
12901 ~ 9 8 1  12.54 i 6002.33 1 i 5979.87 
1290i 10/5/981 24.48 j 5990.39 1 I 5979.87 

5832.46 14871 7/1/98/ 13.53 ~ 5843.03 
14901 1/12/98l 53.80 6017.48 I 6011 78 
14901 2/4/98/ 53.61 I 6017.67 1 ~ 6011.78 
14901 3/4/98/ 53.66 601762 I 1 6011 78 

4/10/98/ 53.60 601768 1 1 6011 78 
5/5/981 50.19 1 6021.09 j I 601 1.78 

' 601 1.78 
14901 7/9/981 48.95 ~ 6022.33 1 ~ 6011 78 

~~- 

- 
149oi 8/3/98i 49.69 1 6021.59 1 1 6011 78 
1490' 9/3/981 50.21 6021.07 I i 6011 78 

~- 

1490 10/5/98/ 50.92 6020.36 I j 6011 78 
1490 11/2/98! 51.36 6019.92 / I 6011 78 

19.77 i 5955.43 1 I 5953.90 

38.32 5887.03 I ~ 5886.35 
13091 j 4/6/981 13.25 1 5961.95 1 i 5953.90 

.~ 

13591 i 1/14/98/ j DRY 5951.55 I 13591 4161981 17.16 j 5950.39 ~ X 5951.55 
13861 1/12/98/ 5.26 1 5837.33 I ~ 5833.09 I I 

I -  1 13861 2/5/98! 5.31 
I 

13861 3/5/981 5.34 5837.25 I 5833.09 I 
~~ 

, 5837.28 I ~ 5833.09 I 
_ _  _- 

5833.09 
13861 4/7/981 4 02 5838.57 
13861 5/5/98/ 4 1 8  5838.41 
13861 6/2/98! 5.45 5837.14 ~ 

~- 
13861 8/4/981 766 5834 93 5833 09 

13861 13861 ~ - ~ ~ ~ l  10/6/981 6.04 1-- 5836.55 5833.09 5833.09 
13861 11/3/981 5 61 5836.98 5833 OF 

~ _ _ _  

-- 
~ ~ _ _ _  --up, 

5833 09 13861 12/3/98l 5.48 5837.11 
1390i 1/12/981 -28.93- I 5991.69 i 8 5981 62 

______ __. 

~ _ _ _ ,  

5981 62 1390 I 4/10/98 I 23.04 5997.58 
13901 5/8/981 17 - ~ _ _ ~ _  57 6003.05 5981 62 
13901- 10/5/981 28.41 5992.21 5981 62 
14861 2/18/98; 9.82 5836.89 5791 31 

___ 

_ _ _ ~  ~- 

_ _ ~  _ _ _ _ _ _ ~  
14861 3/11/98i 9.93 5836.78 5791 31 
14861 4/9/981 10.06 5836.65 5791.31 

~ _ _ _ _ ~ ~ . _ _  

5791 31 
5791 31 

14861 5/6/98' 1 0 7 5 8 3 6 6 8  
14861 6/5/981 10.26 1 5836.45 
14861 7/1/981 6 19 584052 ___- _ _  _. I 14871 1/8/98/ 14.77 ' 5841.79 I ' 5832.46 I 

A-I2 



RF/RMRS-99-433. UN 

15861 2/18/981 6.83 1 5843.80 I 
15861 3/11/98/ 6.74 I 5843.89 I 
15861 4/9/98) 4.96 I 5845.67 1 

DRAFT 
Appendix A 

5836.23 
5836.23 
5836.23 

I 

15861 1/12/981 6.78 I 5843.85 i I 5836.23 

- _ _ ,  - 

15861 6/5/981 6.37 5844.26 1 I 5836.23 
15871 1/14/981 20.40 1 5952.39 I 1 5950.69 
15871 2/2/981 20.76 I 5952.03 1 ) 5950.69 
15871 3/2/98] 21.47 1 5951.32 ~ 1 5950.69 
15871 4/6/98/ 14.50 I 5958.29 1 5950.69 
15871 5/6/981 12.22 1 5960.57 ! [ 5950.69 
15871 6/8/981 16.29 i 5956.50 1 1 5950.69 
15871 7/6/981 18.84 ! 5953.95 I i 5950.69 _ _  

- 1587r 8110198j 19.93 j 5952.86 i i 5950.69 
i587i 9/8/98i 20.97 ; 5951.82 j ! 5950.69 
15871 11/4/98l 22.38 I 5950.41 1 X I 5950.69 
-I 

15871 12/4/98l 21.83 5950.96 I , 5950.69 
16861 2/18/98! 5.80 5863.75 j ' 582445 
17861 1/12/981 6.86 , 5862.71 I I 5855.57 
17861 2/5/981 6.72 5862.85 I ~ 5855.57 

- A 

17861 3/5/981 3.83 5865.74 I 5855.57 
17861 4/7/981 4.37 5865.20 1 ' 5855.57 
17861 5/5/98! 5.34 5864.23 ' 5855.57 
m 6 i  6/2/981 6.27 5863.30 ~ 5855.57 
17861 7/1/981 6.53 5863.04 i ! 5855.57 
17861 8/4/98I 6.35 5863.22 ' 1 5855.57 
17861 9/1/981 6.55 5863.02 I 5855.57 
17861 10/6/98! 6.61 5862.96 ' 5855.57 
17861 11/3/981 6.45 5863.12 ~ 5855.57 
1786 i 12/3/98 I 6.56 5863.01 5855.57 
18861 1/12/981 i DRY 5880.47 .__ ~- 

1886 i 4/7/98 I DRY , 5880.47 
1886 I 10/6/98 DRY 5880.47 
19861 1/7/98/ 2.75 ~141.11 I ~ 5931.56 , 
19861 2/5/98) 2.81 5941.05 I I 5931.56 
1986) 3/3/98l 2.91 5940.95 i i 5931.56 
19861 4/8/981 2.16 1 5941.70 i 1 5931.56 
19861 5/6/981 2.35 5941.51 I j 5931.56 
19861 6/2/98/ 3.25 I 5940.61 ! j 5931.56 
1986) 7/7/981 3.72 5940.14 I j 5931.56 
1986i 8/5/981 2.92 ' 5940.94 i i 5931.56 - _ _  _ _ _  ~ -~ 

I 

19861 9/2/981 3.60 5940.26 I 1 5931.56 
19861 10/7/98i 3.67 5940.19 I I 5931.56 
19861 11/2/98) 2.98 , 5940.88 I 5931.56 
19861 12/1/98] 3.01 5940.85 I j 5931.56 
19871 1/13/981 11.68 I 5958.23 I ~ 5958.21 

1 5958.21 

A-1 3 
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201961 4/10/981 40.16 i 6000.93 1 5975.79 
201961 10/5/981 40.85 i 6000.24 i 5975.79 

20197/ 5/14/98i 2.73 ! 5936.88 i ____ 5933.01 

RFIRMRS-99-433. UN 

202911 3/4/98i 29.07 I 5919.51 1 1 5915.58 
202911 4/1/981 28.21 5920.37 ~ 5915.58 
202911 5/5/98/ 17.91 ! 5930.67 591 5.58 
20291 i 6/4/981 18.40 , 5930.18 1 1 5915.58 
202911 7/2/98! 21.25 1 5927.33 ! 1 5915.58 
202911 8/4/98i 24.06 I 5924.52 8 i 5915.58 
2 0 2 9 1 m - i  5922.83 ~ 5915.58 
20291' 10/12/981 27.97 1 5920.61 1 I 5915.58. 

I 

206961 11/2/98) 42.62 6013.40 1 1 5985.62 
206961 12/2/98 43.21 ' 6012.81 I ' 5985.62 
206971 5/13/981 481 1 5961.99 1 5957.00 
207961 4/10/981 43.88 1 6012.22 1 5976.10 
207961 10151981 43.57 1 6012.53 1 ; 5976.10 
207971 5/18/98] 3.61 , 5944.91 1 1 5939.92 

- 

- 

202911 11/4/98; 29.00 I 5919.58 1 
202911 12/7/98! 30.13 1 5918.45 

I 5980.81 

1 

5/8=20.35 6016 75 5986.40 
20396; 10/5/98 32.63 ' 600447 

5934.04 
-___-A I 20397, 5/14/98 3.99 Tp ____ 

204961 4/10/981 44 56 6021 32 
20496' 10/5/981 43.75 6022.13 1 

20596' 4/10/98 55.58 6025.58 
-______ ____________ 

~ ______ _ _ _  

_________I_ 

5934.30 
- 20596 10/5/98 I 52.19 6028 97 

20597 5/14/98 8 04 5936.46 
20691 1/13/98 1926 595037 

__I- ______ ~ _ _  

----; 5945.11 20691 3/5/98 21.24 5948.39 
20691 4/8/98 10 30 5959.33 5945.13 
20691 5/6/98 5.91 5963.72 5945.1 3 

________ 

_~______________________ 
___.I________ _---- I_ 

- _I_ 

1- 20691' 6/3/98 9 96 5959.67-1 
20691 6/17/98, 11.8s 5957.74 1 

_________ 

_L_ 

20691 I 7/8/98 15.1 1 5954 52 1 

206961 3/12/981 44 04 601 1 98 I 

1.60 6014.42 / 5985.62 I 
5/5/98! 35.74 6020.28 1 ~ 5985.62 I 

I 20696r 6/1/98' 36.19 ~ 6019.83 
20696 7/9/98, 39.09 I 6016.93 ~ 

! 5985.62 

206961 8/3/98; 40.24 1 6015.78 I 
206961 9/3/981 41.11 6014.91 I 
206961 10/5/981 41.98 I 6014.04'1 

A-14 
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21871 1/13/981 3.10 5926.59 5919.29 
2187' 4/8/981 2.45 5927.24 I 5919.29 
21871 10/7/98' 433 5925.36 ' 1 591 9.29 

218971 5181981 3.43 5949.07 ' 5946.60 
21 997 I 5/8/98 1 5.53 5944.97 5943.10 
22097' 5/8/98, 4.45 5943.05 I 5940.60 

_____ 

RFmMR.9-99-433. UN 

~- 

22497, 5/8/981 3.97 593903 1 5937.10 
22596 1 2/5/98 1 ' DRY ' 5982.80 
22596 1 3/3/98 ~ DRY 5982.80 
225961 4181981 22.71 5987.09 I 5982.80 
225961 5/6/98! 22.01 5987.79 5982.80 
22596; 6/2/98' 24 07 5985.73 5982.80 
22596 I 7/7/98 , DRY , 5982.80 
225961 8/5/981 25.65 5984.15 I i 5982.80 

22596 I 10/7/98 I 1 DRY 5982.80 
22596 1 1 1/3/98 I 1 DRY , 5982.80 
22596 1 1211 198 I ' DRY , 5982.80 
225971 1/8/98i 17.46 5897.09 1 , 5888.55 
225971 5/7/981 12.50 ' 5902.05 I > 5888.55 

22596 I 9/1/98 I I DRY 5982.80 

209911 5/11/981 26.02 I 5925.37 1 i 5888.39 
209911 6/17/981 27.79 1 5923.60 1 ! 5888.39 
20991 I 7/2/98! 29.20 I 5922.19 i 1 5888.39 

211971 5/8/981 3.72 ' 5933.75 1 ! 5930.17 
210971 5/14/981 3.47 ' 5958.51 1 ' 5953.98 

212971 5/8/98/ 1.46 I 5977.89 1 I 5973.45 

226961 10/7/98l 18.55 ; 5964.03 ' X : 5965.08 
226971 1/8/981 12.18 I 5895.33 i b 5889.61 
226971 5171981 8.56 I 5898.95 i ! 5889.61 

~ 

t 213971 5/8/981 2.19 8 5973.11 1 : 5969.50 1 ! 

215971 5/8/981 3.09 ' 5962.58 1 ~ 5960.57 

217971 5/8/981 2.80 5954.60 ' 5951.60 
21861 1/12/981 31.71 5974.25 i i 5938.76 

216971 5/8/981 4.24 5957.30 1 j 5952.84 

_ _  
1 2 l 8 6 /  4/8/98l 31.74 1 5974.22 ~ 5938.76 1 
I 21861 7/7/98/ 32.17 ' 5973.79 I i 5-i 

I 21871 1/7/981 2.98 5926.71 ! 1 5919.29 } 

221971 5/8/981 4.97 5939.53 1 ~ 5938.20 

22397 I 5/8/98 I : DRY 5932.80 

- 
222971 5/8/98! 1 98 5938.67 i 5937.65 

226961 1/6/98] 14.83 I 5967.75 j j 5965.08 
226961 1/7/98i 14.84 i 5967.74 I ; 5965.08 

I I 

22696: 4/8/981 11.04 \ 5971.54 I ' 5965.08 I 

I 22796 I 1 11 2/98 I j DRY 5927.50 I 
~ 

I 

I _1 

227961 4/8/981 12.65 j 5931.85 1 1 5927.50 
227961 7/7/98l 14.24 1 5930.26 1 I 5927.50 

A-15 1998WLs 
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22861 8/5/98 7.66 ! 1 5968.35 
22861 9/2/98 8.90 5970.65 I 5968.35 
2286 i I 017198 I I DRY 5968.35 

RF/RMRS-99-433. UN 

I 

23097; 1/8/98/ 8.05 I 5879.43 I I 5873.88 
230971 5171981 5.43 5882 05 1 j 5873.88 
231961 1/16/98/ 26.00 ~ 5790.67 I X j 5791 67 
3 X 5791.67 

I 227961 10/7/98/ 14.88 I 5929.62 1 j 5927.50 
227971 1/8/98! 7.02 5892.48 I I 5885.90 , I 

227971 5/7/981 4.43 j 5895.07 j j 5885.90 

22861 2/5/98/ 9.64 , 5969.91 j 1 5968.35 
22861 3/3/981 10.19 I 5969.36 i 1 5968.35 
22861 4/8/98/ 5.26 ' 5974.29 1 1 5968.35 

22861 1/5/98/ 9.35 5970.20 1 5968.35 

5968.35 
22861 56/98! 6.29 5973.26 1 I 22861 6/2/981 7.33 5972.22 i 

_ _ _  - .  

2286 I 1 1 /3/98 1 1 DRY i 5968.35 
2286 I 12/2/98 I I DRY , 5968.35 

228961 1/6/98l 20.84 1 5980.58 i 5978.12 
228961 4181981 15.89 5985.53 I 5978 12 
228961 7171981 20.89 5980.53 5978.12 
228961 10/7/98j 21.15 5980 2 7  1 5978.12 
22897i 1/8/981 13 89 1 5883.76 1 5873.55 
22897; 5/7/981 10.97 5886.68 ' 5873.55 -- 

5980.00 
I 229961 1/6/98; 6 6 0  ' 5981.90 

229961 2/5/981 7 05 5981 45 I - 

I DRY 5980 00 22996 1 3/4/98 1 
22996t 4/8/981 4 2 7  5984 23 5980 00- 

5980 00 22996 5/6/981 4.91 5983.59 
22996 6131981 5 88 5982.62 I 5980 00 

_i- 

--___ 
_____ 1- 229961 7/8/98] 7.42 5981 08 ~ 5980.00 1 _______ 

5980.00 
22996 I 8/4/98 I 
22996 1 9/8/98 j 

5980 00 22996 ' 10/6/98 I 
22996 ~ 1 1/5/98 1 DRY 5980.00 

' DRY 5980.00 

________I_ 

I 229971 1/8/981 8.85 ' 5882.75 ~ 5875,64 1 22997; -4 
230961 1/13/98l 947 582833 5823 80 
230961 4/7/98; 6 85 583095 1 5823 80 
23096 I 611 8/98 I 12 22 5825 58 5823.80 
230961 7/1/98! 13 54 I 5824 26 I 1 5823.80 
230961 10/6/981 12.91 5824 89 ~ j 5823.80 

231961 7/1/98/ 27.35 i 5789.32 ' X ; 5791.67 
231961 10/6/981 28.01 5788.66 j X E791.67 
231971 1/8/98/ 8.77 j 5877.09 I 1 5871.66 
231971 5/7/98] 6.50 ' 5879.36 I i 5871.66 
232961 1/5/98i 5.00 1 5853.00 I I 5850.00 

A-16 <998Wb 
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, 
2487; 4/1/981 12.70 5946.99 , 5946.09 
24871 5/12/98/ 9.56 5950.13 ; i 5946.09 
24871 10/12/98: 15.53 I 5944.16 1 X ; 5946.09 

____ 

RF/RMRS-99-433. UN 

I 232961 4/10/981 3.78 1 5854.22 I i 5850.00 1 
232961 5/12/98} 3.42 5854.58 1 5850.00 
232961 7/1/98i 4.67 5853.33 1 1 5850.00 
232961 10/6/981 5.44 I 5852.56 I 1 5850.00 
232971 1/8/98/ 13.31 I 5868.46 1 X ! 5868.67 
232971 5/7/981 11.53 I 5870.24 I j 5868.67 

I 1 DRY I 5860.6f I ~ 236971 5/7/981 

I 23897! 5/7/981 11.73 5850.62 
1/8/98 i DRY 

I 239971 5/7/981 13.70-' 5847.93 , ! 5843.73 I 
24097 1 5/7/98 i 15.17 5844 50 ; 5841 57 

242971 1/8/98, 590 5891.82 I I 5888.62 
1 5888.62 

24397 1/8/98' 9.08 5916.53 5907 31 

241971 5/7/981 13.58 5844.02 I 5841 60 

24297, 5/7/981 3.34 5894 38 - 

243971 5/7/98 4 77 5920 84 I 1 5907.31 I 24497; 1/8/981 12.30 ' 5905.30 5900.70 
5900.70 

DRY 5976.06 2486 i 1/7/98 1 

24861 4/2/98 6.83 5976.73 5976.06 

24497' 5/7/981 9.16 5908.44 

2486 1 10/7/98 1 DRY ' 5976.06 
24871 1/13/98; 14.88 5944.81 i X , 5946.09 

- 

250971 5/7/981 23.34 I 5911.16 I i 5910.00 
25861 1/5/981 17.95 I 5959.19 I 5895.14 
2586 I 2/10/98 i V  1 5895.14 

26861 1/7/981 11.36 1 5965.81 I X i 5966.17 
26861 2/10/981 11.58 5965.59 1 X I 5966.17 
26861 3/11/981 11.81 I 5965.36 ' X ! 5966.17 
26861 4/2/981 9.42 ~ 5967.75 ! ' 5966.17 
26861 5/6/98i 9.46 ' 5967.71 I 1 5966.17 
26861 6/5/981 10.70 1 5966.47 ~ i 5966.17 
26861 10/7/98/ 12.82 5964.35 j X 1 5966.17 
26871 1/14/981 I 1 DRY 1 5942.40 
2687 1 4/6/98 1 I ! DRY 5942.40 

1 
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RFUtMRS99-433. UN 

269951 2/19/98/ 13.39 1 5922.81 1 5914.20 
27861 2/10/98l 103.49 1 5860.39 ~ 1 5830.88 

28295/ 2/19/98i 5.66 j 5846.44 ~ i 5837.10 
z9395i 2/16/981 3.68 5930.92 1 l 5922.60 
297951 2/191981 2.55 I 5844.75 I 1 5840.30 
29861 1/7/98/ I , DRY ! 5951.88 
2986 I 4/2/98 I DRY 5951.88 
2986 I 10/7/98 I I DRY , 5951.88 
2987 1 /16/98 I ~ DRY 1 5793.99 
29871 4/7/981 12.56 ! 5801.73 i 5793.99 

- 

29871 7/1/98] 18.15 I 5796.14 t j 5793.99 
2987 I 1 OH98 I 1 DRY ; 5793.99 

305951 2/19/98/ 9.10 j 5901.30 , 1 5888.40 
306951 2/19/981 9.20 5911.60 1 1 5905.80 
30861 2/11/981 6.12 ~ 5952.27 ~ 5943.49 
30871 1/16/98) 24.82 i 5786.95 ' ~ 571737 
30871 4/7/981 29.55 i 5782.22 j 5717.37 
30871 7/1/98; 27 92 5783.85 5717.37 
30871 10/6/981 25.07 ' 5786.70 5717 37 

308-P-2 ~ 5/8/98 I 24.77 591 9 25 5904.02 
31491 I 1/13/98l 
31791 ' 11131981 DRY 5868.00 
32861 2/11/981 57.50 ' 5910.42 ' 5842.42 

_______- 

- 
-. 3 0 8 - P - T - A  _- ---f-5904.11 
_____ 

I DRY ~ 5886.13 _- 
- -- 
- 

3286T3/11/98i 53.34 ' 5914.58 5842.42- 
32861 4/8/981 52.37 5915.55 5842.42 
3286 5/6/98! 52.12 ' 5915.80 5842.42 

_________ 

~ ___________ 
32861 6/4/981 51 95 5915.97 5842.42 
3287' 1/14/981 47 63 5900.34 X 5901 37 
32878 4/6/98 4745 5900.52 X 5901 37 

___ 
_ _ ~ - _ _ - -  

33861 1/5/98 8 10 5944.32 X 5945.12 
33861 2/5/981 8.09 5944.33 X 5945.12 

, _____ 

3386 1 - 3/3/98 8.27 5944.15 X 5945 12 
33861 4/8/981 5.95 , 5946.47 i 5945.12 
33861 5/6/981 6.36 5946.06 ; 5945.12 
33861 612/981 7.17 ' 5945.25 ~ 5945.12 
33861 7171981 8.19 1 5944.23 X ~ 5945.12 
33861 8/5/98i 8.65 , 5943.77 ' X 1 5945.12 
3386 I 9/2/98 1 DRY ' 5945.12 

I , DRY , 5945.12 

33861 11/2/981 I DRY 5945.12 
3386 i I 017/98 I 

3386 1 12/2/98 1 1 ' DRY j 5945.12 
33871 1/14/98/ 20.60 1 5926.62 , X 1 5927.22 
3387 I 2/10/98 I 8.1 1 5939.1 1 ' 5927.22 
33871 4/6/981 20.05 ' 5927.17 X ; 5927.22 

347911 1/8/981 3.94 j 5949.97 ~ I 5945.91 

347911 10/6/98l 6.09 1 5947.82 1 j 5945.91 
35861 1/13/98/ 7.70 1 5905.06 i i 5901.16 

34791 1 4/9/981 1.18 1 5952.73 1 5945.91 
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RF/RMRs-99-433. UN 

35861 2/9/98/ 7.61 5905.15 1 5901.16 
35861 3/5/981 7.61 I 5905.15 I 1 5901.16 
35861 4/8/981 4.49 1 5908.27 ~ 1 5901.16 _ _ _ _  
35861 5/6/981 5.23 I 5907.53 1 1 5901.16 1 

35861 8/6/98l 7.54 I 5905.22 j j 5901.16 I 
35861 9/8/981 7.67 5905.09 1 I 5901.16 
35861 10/5/98/ 7.71 I 5905.05 1 j 5901.16 
35861 11/5/98] 7.51 5905.25 1 i 5901.16 
35861 12/7/981 7.88 , 5904.88 I 1 5901.16 
3587 i 511 i 198 I 1 DRY 1 5941.99 

I 

36861 1/5/98/ 6.26 1 5878.96 I j 5878.72 
I 5878.72 

36861 3/4/98l 6.26 ' 5878.96 1 ' 5878.72 
36861 4/10/981 4.90 5880.32 I 5878.72 
36861 5/5/981 4.00 5881 22 1 I 5878.72 
36861 6/2/981 6 30 5878.92 5878.72 - 
36861 6/17/981 560 587962 , ~ 5878.72 
36861 7/1/981 6.19 5879 03 I 587872 
3687' 1/13/981 34.06 591705 1 5887.71 

- 

3687 j 2/9/98 I 34.72 5 9 1 6 . 3 9 7 7 l  
36871 3/4/98l 35.23 , 5915 88 I 5887.71 
36871 4/1/981 3472 5916.39 I 5887.71 
3687' 5/5/98: 26.97 5924.14 ! 
36871 6/4/98 I 27.05 5924.06 ~ 

36871 7/2/98: 29.22 5921 89 ' 5887 71 
3687 7/2/98, 29.22 5921 89 1 5887.71 
36871 8/4/98l 31.57 5919.54 1 5887.71 
3687' 9/1/98' 32.71 5918 40 5887.71 

, --- 

____ 

3687' 10/12/98l 34.41 5916 70 5887.71 
3687i i i/4/9ai 35.33 5915.78 5887.71 
36871 12/7/98! 35.82 , 5915.29 , 5887.71 

371911 1/13/981 9.39 ' 5938.90 j I 5927.19 
371911 4/9/981 7.41 5940.88 i ' 5927.19 
37191) 10/5/981 9.47 5938.82 I i 5927.19 
375911 1/7/981 10.38 I 5983.07 ' i 5980.85 

1 
375911 2/5/981 10.58 ! 5982.87 ~ 1 5980.85 
375911 3/5/981 10.91 j 5982.54 I i 5980.85 
375911 4/8/98] 8.96 5984.49 1 1 5980.85 
375911 5/6/981 7.71 I 5985.74 I 1 5980.85 
37591 1 6/3/981 8.33 1 5985.12 I i 5980.85 
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411931 6/4/98l 7.26 5955.26 ! 

RF/RMRS-99-433. UN 

5954.52 

377911 4/7/98/ 19.27 , 5984.91 1 i 5983.58 
377911 10/6/981 16.24 1 5987.94 1 1 5983.58 

38591 1 4/9/98 I 
38591 I 7/1/98l 

385911 1/5/98/ 8.32 5858.30 I X , 5858.92 
7.14 5859.48 1 i 5858.92 
934 585728 X ' 5858.92 . _  I 

j DRY 1 5858.92 1 
39861 1/6/98! 28.08 , 5881.33 1 , 5877.91 

39861 2191981 28.22 5881.19 I , 5877.91 
39861 3/4/981 28.35 , 5881.06 I ~ 5877.91 
39861 4/13/98i 28.57 5880.84 1 ~ 5877.91 
39861 5/4/98' 25.47 5883.94 , 5877.91 

~ 

39861 6/4/98/ 23.80 5885.61 j ~ 5877.91 
39861 8/4/98/ 25.14 5884.27 I i 5877.91 
39861 9/1/981 25.54 5883.87 i 5877.91 
39861 10/12/98l 25.89 ' 5883.52 ~ , 5877.91 
39861 11/4/98l 26.18 5883.23 ~ ' 5877.91 
39861 12/7/981 26.83 1 5882.58 1 j 5877.91 
39871 2/11/981 103.48 584494 1 5831.32 
4087 1 1/121981T=T 5878.1 1 

-- 
______I_ 

______ 
40871 2/5/981 1.80 5882.81 ~ 5878.11 

L 
~ - _  

40871 3151981 2.79- 5881 82 , 5878.1 1 ____ 
408d 4/10/98l 2.39 5882.22 ~ 5878.1 I 

I ______ 
4087 5/5/981 2 39 5882 22 5878.1 7 
40871 6/1/981 4 56 5880 05 5878 1 1  
4087 7/1/981 546 5879 15 , 5878 1 7  
40871 8141981 6 82 5877 79 X I 587811 
4087 9/1/981 8 25 5876 36 X 5878 1 1  

_ _ I _ _ ___~T~-- I_ 

- _--____i_- 

I__ --- 
I______ __- __-_ 

___-- __- 
4087 1 10/6/98 I , DRY 5878.1 I ____ ___ _______-~ 

5878.11 
5878 1 1  
5711 85 41091 1/5/98 975 5712 IO- 

41091' 2/5/981 IO 01 5711 84 1 X 571 1.85 
41091 3/4/981 864 571321 571 1.85 

_____ , 

DRY 
DRY 

____ __I____-__ 

4087 1 1 1/3/98 I 
4087 ~ 12/3/98 I 

- ~ _ _ _ _ _  

I____ ____ __I_-_ ___ 
_- ____-_- _ _  _ _ ~  

__-____ 
___- __ 

41091' 4171981 523 571662 5711 85 
41091i 5/5/981 779 571406 I 5711 85 

V I  6121981 725 571460 j 1 5711.85 
410911 7/1/981 973 5712 12 I 1 5711 85 
410911 8/4/981 924 571261 1 571 1.85 - _  

41091i 9/1/98i 5.50 5 v L  ' 571 1.85 
410911 10/6/98i 9.83 5712.02 ~ ~ 5711.85 
41091i 11/4/981 10.14 5711 71 j X ~ 5711.85 
41 091 1 12/3/98 I I DRY I 5711.85 
411931 2/11/98i 799 595453 i I 5954.52 _ _  - 

411931 3/11/981 8.11 5954.41 1 x i 5954.52 
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41591 
41591 

RF/RMRS-M33. UN 

4/13/981 4.37 1 5722.90 1 1 5716.27 
5/4/981 4.86 ! 5722.41 1 

415911 8141981 8.91 j 5718.36 I j 5716.27 
415911 9/2/98i 9.65 5717.62 I ' 5716.27 

, 1 DRY 5716.27 
I I i DRY 5716.27 

41591 i 12/4/981 I I DRY 5716.27 
41691 1 1/5/98/ 8.68 I 5637.20 I , 5631.18 
416911 2/9/98i 9.60 : 5636.28 i I 5631.18 

41591 j i1/3/981 

I I 

416911 3131981 8.20 ' 5637.68 j 5631.18 
416911 4/i/98i 7.32 I 5638.56 I i 5631.18 

I 

41691/ 5/4/98/ 7.82 ! 5638.06 I 1 5631.18 
416911 6/4/98l 7.93 1 5637.95 1 j 5631.18 
416911 7/2/981 9.83 ~ 5636.05 1 5631.18 
41691 i 8/4/981 10.44 i 5635.44 1 5631.1 8 
41691; 9/2/98' 7 34 I 5638.54 I 5631.1 8 . _  

416911 10/8/981 10.19 ! 5635.69 I 5631.18 
416911 11/3/981 10.55 1 5635.33 I ' 5631.18 
416911 12141981 7 54 5638.34 i 5631.1 8 - 
416931 2/11/981 13.50 j 5961.75 ' 5959.25 
41693; 3/11/981 13.61 ' 5961.64 ~ 5959.25 
416931 4/8/98! 13.04 1 5962.21 1 5959.25 
416931 5/6/981 12 74 I 5962.51 5959.25 
41693; 6/4/98, 12.59 1 5962.66 I 5959 25  ____ 

41861 1/14/98] 46.31 5898.05 i X 5899.66 
41861 2/2/981 46.35 I 5898.01 , X 5899.66 
41861 3/2/981 46.39 I 5897.97 ~ X 5899.66 
41861 4/6/98; 46.45 5897.91 X 5899.66 

- 

41861 5/7/981 45.12 5899.24 X 5899.66 
41861 6/8/98, 42.20 ~ 5902.16 1 5899.66 
- 

41861 7/6/98l 41.38 I 5902.98 1 5899.66 
4i86i 8/10/98i 41.52 5902.84 j 5899.66 

419931 2/16/98} 14.45 I 5963.89 i 5963.84 
423931 2/16/981 14.08 1 5967.88 i X , 5968.96 
423931 3/11/981 14.68 j 5967.28 I X 5968.96 
423931 4/i/981 10.30 j ~ 7 1 . 6 6  ! 5968.96 
423931 5/6/98; 10.29 } 5971.67 1 5968.96 423931 6/5/98! 10.39 j 5971.57 i 5968.96 

42861 1/8/981 26.80 1 5931.07 j 5928.17 
42861 2/9/981 22.03 I 5935.84 I ' 5928.17 

-22.83 { 5935.04 1 ; 5928.17 
4286! 4/1/981 20.31 1 5937.56 1 I 5928.17 - - _  _ _  ~. - 

42861 5/5/981 10.11 1 5947.76 1 5928.17 
42861 6/4/98i 11.09 I 5946.78 i { 5928.17 

I 

4286) 7/2/98/ 15.22 j 5942.65 j I 5928.17 
42861 8/4/98i 19.19 1 5938.68 I I 5928.17 
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44893 I 1 11 3/98 ~ ' DRY i 5913.83 
44893 ~ 2/5/98 I I DRY 1 5913.83 

44893 1 4/7/98 i DRY 5913.83 
7 3  5/5/981 i DRY 1 5913.83 

44893 I 6/2/98 1 DRY ~ 5913.83 
44893 ~ 7/1/98 I DRY i 5913.83 
44893 1 8/4/98 ~ 

44893 1 9/1/98 I 1 DRY i 5913.83 
44893 1 1016198 1 DRY 5913.83 
44893 1 1 1/3/98 1 

, DRY 1 5913.83 4489.1 i 17/3/98 I 

44893 1 3/4/98 I I DRY I 5913.83 

I 

- 
DRY 5913.83 

I DRY 1 5913.83 

- 

I I 
I 

--t 

RF/RMRS-99-433. UN 

~ 

429931 3/11/981 12.63 ~ 5968.12 i 1 5964.75 1- 42993; 4/8/98; 8.89 ' 5971.86 1 j 5964.75 
429931 5/6/9a/ 8.57 5972.18 I 1 5964.75 
429931 6/5/98; 9.61 5971.14 1 j 5964.75 
43293 1 211 1/98 I 1 DRY , 5944.14 
433921 1/13/98j 28.18 I 6015.26 1 I 6013.14 
43392 1 4/9/98 I 24.41 601 9.03 ' ~ 6013.14 
433921 7/1/981 28.03 I 6015.41 I 1 6013.14 

I 433921 10/6/98; 30.15 6013.29 ~ 6013.14 I 
435931 2/16/981 8.75 5971.19 1 

~ K3l:i 1/13/98l 17.67 ~ 5956.79 : ~ l  
2/9/981 18.13 5956.33 

4386 I 3/5/98 I ' DRY 5957.66 - __ .  I 43861 4/9/98' 1250 5961.96 5957.66 1 
I---4386 5/6/98 I 11.855962.61 ~ 5957.66 1 

43861 6/3/981 % 94 5960.52 ip-i ~ 5957.66 ~ 

4386 7/8/981 16.48 5957 98 , ~ 5957.66 
43861 8/4/98 1 17 13- 5957 33 5957.66 
4386 ~ 9/8/98 ~ 18.1 1 5956.35 5957.66 

_ _ _ _ _ _ _ _ _ _ _ _ ~  

12/7/98! 18 31 5956.15 
43871 1/13/981 963 591678 ' 
4387' 4/9/98 622 5920 19 

___- 

_ _ _ ~ ~ - ~ ~  ~ - _ _ ~ ~  

4387' 10/5/981 8 78 591763 i _ _ ~ - _ _  --- 
438931 2/16/981 12 75 5967 34 5966.09 
43995, 2/16/98 I O  91 
4486 1/6/98i 748 6014 48 5995.66 
44861 4181981 5 7 2  6016 24 ~ 5995 66 
44861 9/17/98! 723 601473' I 599566 
44861 10/6/98' 735 601461 i 5995.66 

______-- 

_ _  _ _  I-- 4487, 1/13/98i i DRY 5947.60 I 
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RF/RMKs-99-433. UN 

450931 2/18/981 11.96 I 5917.90 I X ~ 5918.16 
45391 j 111 3/98 I I : DRY 5876.54 
453931 2/18/98i 13.26 j 5912.40 [ ! 5908.96 
453931 3/11/98i 13.58 I 5912.08 1 1 5908.96 

I I 453931 5/6/981 14.27 ~ 5911.39 1 1 5908.96 I 
I 453931 6/5/98l 14.63 5911.03 i i 5908.961 

45693i 2/11/98! 3.29 5 5 1  i 5933.31 
45793 I 1 /12/98 I 
45793 ' 211 1/98 I 1 5949.12 
457931 4181981 6.84 5946.28 1 i 5949.12 
457931 10/7/981 6.89 i 5946.23 i 5949.12 
45893 I 2/11/98 1 ~ DRY 5944.50 
45993 I 211 1/98 i I l DRY 5947.81 
461931 2/11/981 3.88 5934.82 ~ i 5931.70 
46292 1/7/981 54.81 ' 6042.43 I j 6006.74 
46292' 4/10/981 54.61 I 6042.63 6006.74 
46292 10/1/981 51.03 6046.21 1 6006.74 
46293' 1/12/98; 3.13 ' 5938.46 ~ ' 5933.59 

1- 462931 2/5/981 3.45 5938.14 I 5933.59 I 
46293 2/16/981 3.35 5938.24 I I 5933.59 
46293 3/3/981 4.23 5937.36 ' 5933.59 
46293 4/8/98! 0.20 5941.39 ~ 5933.59 
46293 ~ 5/6/98 I 0.00 5941.59 I 5933.59 
46293 6/2/981 1.93 5939.66 I ' 5933.59 
46293' 7/7/98I 491 5936.68 i , 5933.59 
46293 a/5/981 4.04 5937.55 5933.59 
46393 2/19/981 20.83 5881.91 5880.24 
46492 1/8/981 24.18 1 6032.63 , 1 6013 61 
46492 4/10/981 21.70 1 6035.11 1 6013.61 
46492 9/17/98 I 23.96 6032.85 601 3.61 

- 

__ 

1 - 4 6 4 9 2  10/1/981 24.63 6032.18 I 601361 
46861 1/8/98] 73.70 6010.29 ~ 5923.19 
47861 1/8/98: 59.08 6024.59 1 I 5989.17 
47861 2/3/98i 59.10 ~ 6024.57 j 5989.17 
47861 3/2/98l 59.04 I 6024.63 I I 5989.17 
47861 4/10/98/ 59.01 i 6024.66 I 1 5989.17 1- 47861 5/5/981 57.28 i 6026.39 ~ ~ 5989.17 
47861 6/1/981 55.48 6028.19 I / 5989.17 
47861 6/16/981 54.93 ! 6028.74 1 1 5989.17 
47861 7/8/981 55.12 I 6028.55 I I 5989.17 

I 47861 8/10/981 55.32 i 6028.35 ! j 5989.17 1 
4787 I 1/13/98 1 i i DRY j 5877.34 I 
4787' 4/9/981 3.93 I 5880.71 ' 5877.34 
47871 7/2/98! 8.52 5876.12 I X I 5877.34 
47871 10/8/98 I I DRY 1 5877.34 I 

, 
4887; i/i3/981 10.36 i 5901.05 j X 1 5901.31 
48871 4/9/981 5.91 I 5905.50 I 1 5901.31 
48871 7/2/98/ 10.24 i 5901.17 I x \ 5901.31 
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504941 10/1/98 24.61 1 6069.73 ! x 1 6072.64 

506941 4/10/981 23.81 I 6063.69 I i 6060.70 
- 6 0 6 0 . 7 0  506941 1/8/98 24.28 ! 6063.22 ~ 

RF/RMRS-99-433. UN 

512941 1/8/98 

I 4887 I 10/8/98 I i 

21.86 ~ 6042.82 I I 6029.68 

I I 504941 1/7/98/ 1 DRY I 6072.64 

52871 1/6/98/ 9.86 1 5959.71 I 
52871 2/5/98] 9.76 I 5959.81 I 
52871 3/3/98] 9.89 ! 5959.68 

5949.27- 
1 5949.27 

5949.27 

1 DRY ~ 5901.31 

52871 4/7/98! 9.11 I 5960.46 

I- 506941 10/1/98/ 20.59 6066.91 i I 6060.70 

p- 

~ 5949.27 

I 5087/ 1/13/98/ ! ~ DRY j 5921.28 
510941 1/5/981 44.50 / 6048.75 i I 6035.55 
510941 4/10/98i 44.22 6049.03 ~ 1 6035.55 
510941 io/1/98/ 40.74 6052.51 i 1 6035.55 
511941 1/8/981 37.84 ~ 6035.47 I , 6023.31 
511941 4/10/98i 36.80 ! 6036.51 1 ' 6023.31 

1 6029.68 512941 3/4/981 21.71 6042.97 ' 
512941 4/10/981 21.07 604361 ' 6029 68 

6029.68 512941 5/5/981 18.47 604621 
512941 6/1/98; 17.00 604768 I 6029.68 

, ___ 
_ _ _ _ ~  
-, 1- 512941 8/4/98; 18 04 604664 ' 6029 68 

512941 8/6/98l 17 90 6046 78 6029 68 
~ _ _ _ _ ~  ~ 

___t 

512941 9/3/981 18.22 604646 I 6029.68 
512941 10/1/981 19.01 6045.67 I 6029.68 
512941 11/2/981 19.82 6044 86 ~ , 6029.68 

____ t-- 

I 5 1 2 9 4 r  12/2/981 20.2 7 6044.41 I 6029.68 _ _ _ ~ ~  
6030.56 1 514941 2/3/98, 51.60 6047.66- 6030.56 - ~ _ _ _ _  514941 1/7/981 51.64 ' 604762 ~ 

~ _ _ _ -  
514941 3/2/981 51.37 604789 I - 6030.56 

I 6030.56 514941 4/10/981 51.38 604788 I 

51 494 ~ 5/5/98 i 49 86 6049.40 6030.56 
.____ 

___-  . .  I- 514941 6/1/98! 4818 605108 I 6030.56 
1 514941 6/16/98; 47.39 I 6051.87 6030.56 

6079 49 
' 6079.49 

6079.49 
I 6079.49 

v 
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52871 5171981 9.20 I 5960.37 I 1 5949.27 
52871 6/3/98j 9.62 I 5959.95 1 I 5949.27 
52871 7/8/98l 9.77 5959.80 I i 5949.27 
52871 8141981 9.59 , 5959.98 1 1 5949.27 ~ 

52871 9/8/981 9.75 1 5959.82 I I 5949.27 
52871 10/5/98! 9.92 5959.65 I 1 5949.27 
52871 11/4/981 9.73 5959.84 1 1 5949.27 
52871 12/2/98l 9.89 5959.68 ! 1 5949.27 

52893 1 511 3/98 I 
528941 1/12/981 4.48 5866.27 I X ! 5866.75 

I 1 DRY 5934.50 

_ _ _  - ~ 

528941 4/10/981 3.29 ~ 5867.46 I ~ 5866.75 I 
52894/ 7/1/98) 6.15 5864.60 I X i 5866.75 
528941 10/6/981 7.98 1 5862.77 X ~ 5866.75 
52993 I 511 3/98 ! 
52994 I 1 / I  2/98 I 1 DRY l 5858.81 

DRY i 5858.81 52994 I 411 0198 i 
52994: 7/1/981 18.73 5855.08 x ' 5858.81 

, 1 DRY ' 5931.00 

- -_  - .. 

DRY 5858.81 52994 I 10/6/98 I 
53093 I 511 3/98 I DRY 5935.70 

531941 1/12/98, 3.65 5835.73 ' 5832.38 
53293 I 511 8/98 I DRY 5942.80 
53393 I 511 3/98 i j DRY , 5914.70 
534931 5/18/98i 5.04 ' 5900.36 I 5895.40 

53871 1/16/98' 5.90 5955.91 5952.71 

531 93 ~ 511 3/98 i I DRY , 5938.50 

5387; 4/9/98 3.16 5958.65 5952.71 I 
5387' 7/2/981 7.32 5954.49 I 5952.71 

~ 5952.71 
6082.32 55861 1/5/98 21.90 6096.82 
6082.32 55861 2/4/98 21.65 6097.07 ' 

- 5387 ~ 1018/98 I 8.50 5953.31 

5586T 3/2/98 22.55 6096.17 6082.32 
5586' 4/1/98 17 82 6100.90 6082.32 
55861 5/4/98 10.10 6108.62 6082.32 

6082.32 
55861 6/16/98 15.61 6103.11 1 i 6082.32 
55861 7/1/981 17.93 ~ 6100.79 I 

55861 6/1/98, 13.07 ' 6105.65 1 

i 6082.32 
55871 1/5/QR 8 75 5851 34 I X 1 5852.69 1 

15204 ' X j 5852.69 I 
---, ..-.-- -.. - --- 

I 

1 5852.69 
55871 4/9/98' 6.10 5853.99 1 5852.69 
5587 I 5/4/98 1 I 5852.69 
55871 6/1/981 8.07 5852.02 5852.69 
55871 7/1/981 7.84 5852.25 5852.69 
55871 8141981 8.14 I 5851.95 I X ~ 5852.69 
55871 9/2/981 8.62 5851.47 ' X I 5852.69 
55871 10/6/981 9.35 ' 5850.74 1 X i 5852.69 
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Appendix A 

594931 1/15/98/ 4.52 
594931 4/1/98/ 4.08 

RF/RMRs-99-433. UN 

5987.88 1 , 5979.50 
5988.32 I ~ 5979.50 

5979.33 

595941 1/13/98/ 28.04 
595941 4/1/98I 25.30 

j 5979.33 
I 5979.33 

6020.87 1 j 6011.31 
6023.61 i 1 6011.31 

5686 I 9/2/98/ 6.83 i 5982.10 1 i 5979.33 I 
56861 10/6/98/ 6.87 1 5982.06 I j 5979.33 

56861 12/1/98) 6.84 1 5982.09 , 5979.33 
56861 i1/3/981 6.82 1 5982.11 ~ i 5979.33 

56871 2/10/981 8.50 ~ 5971.27 ~ i 5970.07 
569941 1/16/981 17.30 I 6004.33 
569941 4/1/981 16.40 6005.23 
569941 5/21/98/ 14.92 I 6006.71 I 5997.13 

5938.12 
569941 10/6/981 17.09 1 6004.54 
570941 1/13/981 33.37 ~ 5938.75 ~ 

570941 4/1/981 33.28 I 5938.84 
570941 5/13/981 32.73 ~ 5939.39 I I 570941 10/6/98i 34.21 I 5937.91 i X 

~- 

580941 5/13/981 4.17 5926.74 1 5919.91 
581941 5/13/981 3.58 5927.05 I 5922.63 
582941 5/14/98I 7 32 ' 5941.49 X 5943.81- 

~- 

583941 5/21/98I 6.48 5993.06 
584941 5/21/98; 3.17 ' 5993.21 , 
585941 5/13/98! 5.31 ' 5914.83 i 
586941 5/13/98/ 5.48 ~ 5954.48 i 5954.96 
587931 1/13/98l 14.50 ~ 5999.70 
587931 4/1/98l 12.38 I 6001.82 5989.40 

~ _ _ _ _  

5989.40 5989.40 I 587931 7/1/981 9.41 6004.79 1 I- 58793i 10/6/98i 13.861 6000.34 
587941 5/18/981 5.00 I 5953.91 ~ 

58871 1/7/981 9.53 ' 5987.24 I 
58871 4/7/981 441 ~ 5992.36 1 I 5974.47 

I I 

1 5974.47 

1 5974.47 

5887/ 5/8/98! 4.30 I 5992.47 ~ 

5887) 7/1/98] 8.46 1 5988.31 1 
58871 10/5/98/ 11.85 ~ 5984.92 1 
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60895 I 5/11/98 I 

RF/RMRS-99-433. UN 

DRY 1 5830.10 

598931 1/16/981 4.42 1 5941.98 I I 5931.80 
598931 4/1/98/ 2.70 i 5943.70 ! i 5931.80 
598931 5/18/981 3.72 i 5942.68 1 1 5931.80 
~98931 10/6/98i 9.40 1 5937.00 1 j 5931.80 
599931 5/18/98) 7.23 ! 5937.07 1 I 5928.00 
600931 5/13/981 9.90 5935.50 ~ I 5935.60 
601 93 I 

~ 5889.00 

601951 3/4/98I 6.29 ~ 5893.71 I i 5889.00 

511 3/98 ~ 

601951 2/5/981 5.98 5894.02 ' 5889.00 

601951 4/10/981 4.05 5895.95 1 i 5889.00 
60195i 5/5/98i 3.11 5896.89 i j 5889.00 
601951 6/2/981 3.62 1 5896.38 I i 5889.00 

I 601951 7/1/98i 4.50 ~ 5895.50 i ' 5889.00 1 
601951 8/6/981 5.29 1 5894.71 I 5889.00 
60195, 9/1/981 6.15 ~ 5893.85 I ~ 5889.00 
601951 10/6/981 6.62 5893.38 i ' 5889.00 
60195: 11/4/981 6.78 ' 5893.22 ; 5889.00 
~. 

601 95 12/3/98' 6.54 5893.46 % 5889.00 
60294' 1/14/98 I Well Not found , I 

5880.80 
~ 5880.80 

- 

60294, 4/9/98 2.60 I 5919.23 
60295 1/8/981 4 57 ' 5892.43 ! 

60295 4/10/98l 3 26 5893.74 ~ 

- 

602951 5/11/98i 2.10 I 5894.90 1 ! 5880.80 
602951 10/6/981 5.46 5891.54 i ' 5880.80 
603951 1/8/98; 5.75 5881.25 i I 5878.70 

_________ 

60395; 4/10/981 3.94 5883.06 I ' 5878.70 
60395 5/11/98' 3.28 5883.72 1 5878.70 

-- 
_.. 

60395 ' 10/6/98, 6.89 5880.1 1 ~ 5878.70 I 
60693 1/15/981 14.40 6009.30 I , 6005.90 

DRY 6005.90 60693 I 411 198 
606931 7/1/98 15.90 6007.80 6005.90 

- 
____ 

606931 10/6/981 16.14 6007.56 ~ , 6005.90 
60695 1/6/98i 9.35 5875.65 1 I 5871.10 
60695, 4/13/981 8.49 5876.51 I 5871.10 

- 

I 

606951 5/11/98/ 6.18 5878.82 1 , 5871.10 I 
60695; 10/12/98i 8.20 5876.80 1 i 5871.10 I 
60795 ~ 111 6/98 i 1 DRY ~ 5833.90 
60795' 4/13/98 I I DRY 5833.90 
607951 5/11/981 2.00 5840.00 I j 5833.90 
607951 10/12/981 8.14 ~ 5833.86 i x 1 5833.90 
6087' 1/7/981 10.60 ~ 5975.36 1 1 5958.46 
60871 4/7/981 4.85 5981.11 I I 5958.46 
60871 5/8/981 5.00 I 5980.96 ~ 1 5958.46 

..__ 
I 

60994 I 1 /I 6/98 1 I j DRY 1 5920.77 I 
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I 
I 

RF/RMRS-99-433. UN 

DRY j 5920.77 

625931 7/1/98/ 4.21 1 6043.59 ~ 

625931 8/10/981 5.71 1 6042.09 ~ 

610931 5/21/981 4.81 1 5968.79 1 j 5960.60 
612931 1/15/98/ 2.10 1 5984.60 ~ ~ 5978.70 
612931 4/1/98i 2.05 j 5984.65 ] 5978.70 

6039.40 
6039.40 

612931 7/1/981 5.77 1 5980.93 1 1 5978.70 
612931 10/6/98l 8.75 ' 5977.95 / x I 5978.70 

~ 5856.60 t 612951 1/13/98/ 3.58 ' 5863.42 ~ 

612951 10/6/98l 4.11 ~ 5862.89 1 ~ 5856.60 

614951 4/10/98l 2.91 I 5975.09 1 1 5965.80 
614951 1/16/98/ 5.84 5972.16 1 i 5965.80 

614951 5/8/98/ 3.14 1 5974.86 1 1 5965.80 
1 5965.80 1-614951 10/5/98t 6.66 i 5971.34 i 

1 615951 1/16/98/ 2.84 ' 5970.16 i 1 5962.10 I 
I 615951 4/10/98l 0.93 5972.07 i I 5962.10 I 

615951 5/8/981 136 j 5971.64 1 ~ 5962.10 I 
615951 10/5/981 3 72 5969 28 5962.1 0 

~ _ _ _ ~ ,  
- __.  . _ .  - 

I 61695' 1/16/98; 3.33 5984.67 ' 5973.60 1 
1- 616951 4/10/98r- 1.61 ' 5986.39 1 5973.60 I 

- ~ _ _  
1-616951 10/5/98 4.30 5983.70 , 5973.60 I 

61793 5/14/981 4 50 5914 20 I 1- 6186, 1/6/981 1031 I 599029 
- -~ 

61861 4/7/981 7 25 5993 35 I -- 
61861 7/8/981 10.18 5990 42 5988 60 
6186 10/6/981 9 98 5990 62 

618931 5/14/981 0.00 5946.20 
61993, 5/14/981 5.96 - 1 5929.54 
62395' 1/6/98 1 

_ _ _ _ ~ _ _ _  

-__ ______ 

__________- 
62395 2/9/981 
623951 3/4/98 i 
62395; 4/8/981 2.12 

_____ 

62395 g m  755 
623951 6/4/981 8.48 
62395 8/4/981 9.02 
623951 9/1/981 9.35 I 

623951 10/12/98/ 9.31 1 

623951 11/4/981 9.21 
623951 12/7/981 9.26 ~ 

625931 2/9/981 2.97 I 6044.83 1 1 6039.40 

, 
I 

I , 
I I ~. - 

625931 1/15/981 440 ' 6043.40 I i 6039.40 

I 

625931 3/3/98] 3.53 ~ 6044.27 1 I 6039.40 
625931 4/1/981 0.56 6047.24 ~ 6039.40 
625931 5/4/98! 0.56 ~ 6047.24 j 1 6039.40 
625931 6/2/981 2.79 I 6045.01 1 i 6039.40 
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625931 10/6/98( 7.33 1 6040.47 1 6039.40 
625931 11/3/981 7.35 I 6040.45 6039.40 
625931 12/1/981 6.40 i 6041.40 1 6039.40 

626931 2/9/98l 1.34 1 6040.46 1 1 6033.20 
626931 3/3/981 1.93 I 6039.87 [ I 6033.20 
626931 4/1/981 0.00 I 6041.80 ! 6033.20 
626931 5/4/981 0.00 I 6041.80 ~ I 6033.20 
626931 6121981 2.97 6038.83 I [ 6033.20 
626931 7/1/981 4 43 \ 6037.37 1 ' 6033.20 
626931 81101981 6.11 6035.69 I 1 6033.20 
626931 9/2/981 760 ~ 6034.20 I I 6033.20 
626931 10/6/981 7.94 / 6033.86 I 6033.20 
626931 11/3/98l 7 70 1 6034.10 1 6033.20 
626931 12111981 496 6036.84 I 1 603320 
62793 I 5/14/98 I 
62861 1/8/981 29.31 5873 87 , 5867.98 
62861 4/9/981 29.13 ~ 5874 05 ' 5867.98 
6286l 7/2/98' 27.61 5875 57 ' 5867 98 
62861 10/8/981 27.25 ' 5875 93 1 5867 98 

62893 1/15/98l 0 75 5994.45 , 598040 
62893, 4/1/98! 0 00 5995.20 i 5980.40 
628931 5/18/98' 0 70 I 5994.50 I 1 598040 
628931 10/6/981 1 80 5993 40 I 5980 40 
63193 I 511 3/98 I DRY , 594890 
633951 1/5/981 7 16 5892.84 5892 00 
633951 4/10/981 6 72 i 5893 28 I ' 5892.00 
6339!5 5/12/98, 4 57 5895.43 I 5892.00 

63495, 1116/981 2.86 6008.14 i 6003.20 
634951 4/13/98 2.10 6008 90 6003.20 
634951 5/8/98' 2 10 6008.90 , 6003 20 
63495: 10/5/98' 3 51 6007 49 1 l 600320 
63795, 1/12/981 490 I 

637951 2/3/981 5 50 I I 
63795' 3/4/981 4.99 ' 

637951 5/5/981 4 10 

626931 i/i5/981 1 84 i 6039.96 I i 6033.20 

I j DRY ' 5927 70 

63395 10/6/981 7 18 5892 82 . 5 8 9 2 . 0 0  

I I 

637951 4/10/981 3 44 [ I 

637951 6/1/981 4.91 I 
637951 7181981 6 44 , I , 
637951 8/3/981 761 I , I 

637951 9/3/981 996 ; I I 

637951 10/5/981 9.68 I 

63795 11/2/98l 9.35 I 

63795' 12/7/981 8 96 I I I 

1 
I 
I 
I 

I 

I I 

I 

63861 1/8/981 15.22 1 5886.79 1 5886 71 
63861 4/9/981 13.63 ~ 5888 38 1 j 5886.71 
63861 7/2/981 965 5892.36 1 ~ 5886 71 

X 1 588671 

RF/MRS-99-433. UN 
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RF/RMRS-9!W33. UN 

I 638951 1/12/981 5.60 I 

0 
I I 

I 

~ 

638951 2/3/981 5.57 ~ 

638951 3/4/98i 5.60 I 

638951 4/10/98l 4.12 ~ I 
638951 5 / m i  4.15 : I 
638951 _I 6/1/981 4.44 I 

638951 8131981 4.85 1 

! 

638951 7181981 4 80 I 

638951 9131981 5.21 I 

63895 I 10/5/98 I 5.27 ~ 

638951 11/2/981 5.33 

5787.80 
64595 I 2/9/98 I 5787.80 
64595 1 3/4/98 I DRY 5787.80 

I 645951 4/7/981 DRY 5787.80 I -_ 
64595 I 5/4/98 1 
64861 1/13/981 7 08 5833.97 
64861 2/4/981 7.04 5834.01 5832.05 
64861 3121981 7 22 5833.83 5832.05 

- ~ - _ _ - - _ _  

~ 

6486, 4/7/981 647 5834.58 I 5832.05 I-- 64861 5/4/98! 7 82 5833.23 I 5832.05 
____________- 
-____ 

64861 6/1/981 7 53 5833.52 

__ -~_.___I_ i 5832.05 

64861 7111981 8.42 5832.63 
6486 8/4/98 
64861 9/2/98' 11 21 5829 84 

5832.05 
5832 05 

,_____L__ 

__I___ 

. .  1- 65861 5/5/98l 6 00 5782.27 5780.27 I 

6586' 1 Om98 I DRY 5780.27 
65861 11/3/981 6.15 5782.12 I 1 5780.27 
65861 12/1/981 6.01 5782.26 5780.27 
65871 2141981 8.05 5976 94 ~ j 5960.99 
66861 1/5/981 4 45 1 5689.75 I 1 5687.70 
66861 2141981 4.37 ~ 5689.83 I 5687.70 

__ 

66861 3/3/98l 4 64 ' 5689.56 1 5687.70 
6686; 4/13/981 4.72 ~ 5689.48 1 i 5687.70 
66861 5/4/98j 4.88 I 5689.32 i ~ 5687.70 
66861 6/4/981 5 14 ~ 5689.06 I ~ 5687.70 ._ - 

! 

66861 7121981 6.62 ~ 5687.58 ! X j 5687.70 
66861 8/4/98i 7.32 j 5686.88 I X i 5687.70 
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RF/RMRS-9%433. UN 

66861 9/1/981 7.53 i 5686.67 1 X 1 5687.70 
66861 10181981 8.13 j 5686.07 ! X i 5687.70 
66861 i i /3/98i 4.49 ! 5689.71 1 ' 5687.70 
66861 12/4/98l 4.86 ! 5689.34 1 1 5687.70 

- 

70393 I 1/7/98 I 9.71 5990.39 5977.30 
703931 4/7/981 3.81 5996.29 1 , 5977.30 
703931 5/8/98' 3.05 I 5997.05 i 5977.30 
703931 7/1/981 8.05 5992.05 I ' 5977.30 
703931 10/5/98i 12.03 5988.07 ~ 5977.30 
70493: 1/7/981 9.70 5990.30 ~ 5956.00 

704931 7/1/98; 10.16 5989.84 ; L 5956.00 
704931 10/5/981 11.16 5988.84 I 5956.00 
705931 1/7/981 30.99 i 5969.01 1 1 5864.00 
70693 1 1 /7/98 fi ' 5964.30 

____ 
70493; 4/7/981 5.48 5994.52 I 5956.00 

706931 4/7/98! 6.67 I 5986.03 1 j 5964.30 
706931 5/8/98i 7.36 5985.34 I i 5964.30 
706931 10/5/981 17.62 j 5975.08 ~ ; 5964.30 

70861 1/16/98i 3.13 1 5936.26 1 I 5931.49 

- 

i 

5/13/98! 3.21 j 5936.18 j 1 5931.49 
70861 7/1/981 4.65 j 5934.74 1 j 5931.49 
70861 10/6/98l 4.48 1 5934.91 1 5931.49 _.. 

I 

71871 1/7/981 6.90 j 5958.59 1 j 5951.99 
7m7i 4/7/981 4.26 1 5961.23 i j 5951.99 
71871 10/6/98/ 8.61 5956.88 j { 5951.99 

752921 1/5/98! 6.42 I 5750.48 1 ! 5749.30 
752921 2/5/981 5.64 j 5751.26 I ! 5749.30 
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RF/RMRS-99-433. UN 

I 752921 2/19/981 6.96 5749.94 I 1 5749.30 , I 75292/ 3/4/98] 7.24 5749.66 1 ' 5749.3t 
I 752921 4/7/98/ 4.15 5752.75 i j 5749.31: 

1 5749.31: 
j 5749.31: 

X / 5749.31: 
X ~ 5749.31: 

I I 752921 9/1/98i 8.91 5747.99 1 X I 5749.3c 
I 752921 10~/98/ 8.16 : 5748.74 i X / 5749.3c 

I 

752921 11/4/98! 5.57 1 5751.33 ~ 5749.3c 
752921 12/3/98! 6.45 5750.45 i ~ 5749.3c 
759921 1/5/981 7.80 i 5891.30 1 ~ 5889.1C 
759921 1/5/98! 7.80 j 5891.30 1 ~ 5889.1C 
759921 4/13/981 5.78 ~ 5893.32 j ~ 5889.1C 
759921 5/11/98l 5.82 ~ 5893.28 1 j 5889.1C 

____ I 75992~ 10/6/981 8.79 5890.31 1 1 5889.1C ___________ ___- 
762921 1/7/981 18.55 1 5940.75 i 5940.1 C 
762921 2/11/981 19 1 6 - 7 -  5940.1 C 
762921 3/11/98i 19.57 5939.73 i X 5940.10 

-~ 

-.- 

_ _ _  

5940.10 
5940 10 

76292 ~ _ _ _ _  418198i ~_~ IO 21 5949 09 - 

- - 762921 5/6/98 9 09 595021 
762921 6/4/98 12.37 ~ 5946 93 I I 5940 10 _____ ~ _ _ _ _ _ _ _ _ -  
7 6 m  1/12/981 6 93 5938.57 X 5940 00 
76792 4/7/98 222 594328 5940.00 
767921 5/8/981 2 50 5943.00 I I 594000 

~ _ _ _ _  

_ _  . - _ _ _ _ _ _ - _ ~  
- .~ 

767921 10/6/981 7 19 5938 31 X 5940.3 
76992 1/12/981 9 87 5948 13 X I 594860 
76992 4/7/98 6 11 5951 89 5948 60 

-~ 

-~ - 

5948 60 
76992' 7/1/98, 10 01 5947 99 I X 5948.60 
76992; 10/6/98 12 06 5945 94 1 X 5948.60 

769921 5/a/981 _ _ _ _ _ ~ _ ~  730 5950 70 - 

_ _ ~ -  

1----- -~ .~ 

I 5910.00 
77392 I 111 2/98 i ~ DRY 5958.60 

~~- I- 771921 5/8/98; 2.32 5913 58 , _ _ ~  - 

773921 4/7/981 5 22 5960.28 ' I 5958.60 
773921 5/8/981 4 19 5961.31 ~ ' 5958.60 
773921 7/1/98] 851 ' 5956.99 I X I 5958.60 
773921 10/6/98i 10.13 5955.37 ~ ___? 5958.60 
774921 i/6/981 13.82 5930.68 i 5922.40 

5922.40 
774921 6/2/98l 12 24 I 5932.26 I i 5922.40 

5922.40 

I 5967.56 
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~110889~ 1/8/98i 35.82 ~ 6041.95 1 
B1108891 4/10/981 35.29 1 6042.48 

RF/RMRS-99-433. UN 

6012.97 
6012.97 

1 81109891 1/8/981 47.98 I 6036.38 I ~ 6018.76 I 
B110989i 2/3/981 48.11 I 6036.25 1 I 6018.76 
B110989i 3/2/98i 47.98 I 6036.38 I 1 6018.76 
81109891 4/10/981 47.74 ~ 6036.62 / 1 6018.76 
8110989; 5/5/981 45.39 ~ 6038.97 I i 6018.76 - _ _  

B110989i 6/1/98/ 43.68 ' 6040.68 1 6018.76 
81'109891 7/9/98/ 43.68 6040.68 / \ 6018.76 

_____ 

I B110989i 8/3/98i 44.09 6040.27 ~ ~ 6018.76 I 
I B110989l 9/3/981 44.24 ~ 6040.12 I 1 6018.76 I 

B110989i 10/1/981 44.77 ' 6039.59 i i 6018.76 
B1109891 11/2/981 45.25 j 6039.11 l 6018.76 
B110989 12/7/981 46.10 6038.26 I I 6018.76 
B1111891 1/7/981 59.00 6048.52 6034.92 

)%I 189 1 2/3/98 I 59.04 6 0 4 8 . 4 F 7 7 1  
B111189 I 3/2/98! 58.85 6048.67 
6111 
Blll 
Blll 
Blll 
Blll 

-~ 

189 4/10/98' 
1 89 I 5/5/98 ~ 

1891 6/1/981 
1891 7/1/981 
189: 8/3/98' 

A 

58.95 
58.38 
57.78 
57.25 
56.96 

I ,6034921 I 6034.92 
6048.57 
6049.14 
6049.74 j 

6050.27 
6050.56 
~ _ _ _  

6034.92 
B1111891 9/3/98/ 56.43 6051.09 i ' 6034 92 

1 6034.92 8111189' 10/1/981 56.34 6051.18 i -~ 

B111189 11/2/98' 56.08 6051.44 1 

.~ 

' 6034.92 I 
8111189' 12/7/98; 56.29 631 23 j 6034.92 1 1-m 1/12/98i 21.18 5948.99 5938.57 _ _ ~  ~ I B200589 2/3/98i 21.24 5948.93 5938.57 I 
B200589 2/3/981 19 24 5950.93 j 5938.57 
82005891 3/4/98i 21.32 5948.85 : 5938.57 
B2005891 4/10/98l 17.13 5953.04 I j 5938.57 
B2005891 5/8/98] 13 28 5956.89 1 i 5938.57 
B2005891 6/5/981 16.71 5953.46 i 1 5938.57 
8200589 6/16/98! 17.50 I 5952.67 , i 5938.57 
B2005891 7181981 18.86 5951.31 ! 5938.57 

B2008891 3/4/98i 19.35 5918.73 I 1 5914.98 
82008891 4/13/98I 13.50 , 5924.58 I j 5914.98 

B2008891 1/12/981 19.16 5918.92 1 i 5914.98 

B2008891 5/8/981 8.03 , 5930.05 I 1 591498 
B2008891 6/5/98! 10.79 I 5927.29 I j 5914.98 
B200889i 7/8/981 13.44 I 5924.64 1 j 5914.98 
B200889' 8/3/981 15.07 I 5923.01 ~ 1 5914.98 
~2008891 9/3/981 16.07 1 5922.01 i i 5914.98 
B2008891 10/5/98/ 17.17 ~ 5920.91 I 1 5914.98 
B200889i 11/2/981 17.83 1 5920.25 1 1 5914.98 
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B200889) 11/2/98/ 17.83 
82008891 12/7/981 18.68 
8202589i i/i5/981 3.37 

RF/RMRS-99-433. UN 

5920.25 / j 5914.98 
5919.40 i 1 5914.98 
5722.08 1 ~ 5713.85 

82069891 4/10/981 22.43 
82069891 7/1/98/ 23.07 

A-34 
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RF/RMRS-99-433. UN 

82104891 6/2/98! 4.93 I 5853.78 ' 1 5851.31 
B2104891 6/17/981 5.07 5853.64 I I 5851.31 ~- - 

I 1 

82104891 7/1/981 5.76 5852.95 I j 5851.31 
~213789i 5/11/98/ 8.56 5911.45 1 X 1 5913.11 

I 6075.00 

84003891 3/2/981 25.28 i 6098.72 I 1 6075.00 
84003891 4/1/981 21.85 6102.15 i ~ 6075.00 
84003891 5/4/981 16.37 6107.63 ~ / 6075.00 
84003891 6/1/981 16.75 6107.25 I i 6075.00 

84026891 1/5/981 4.16 6042.91 ' X 
8402689, 2/4/98' 3.81 6043.26 I X 6043.77 
8402689 3/2/98 I 4.45 6042.62 X -  6043.77 
84026891 4/1/98i 2.90- 6044.17 
8402689 4/7/98i 2.98 ' 6044 0s '  

8402689; 7/1/981 5.65 6041.42 ' 6043.77 
84026891 8/3/981 5.63 6041.44 I X , 6043.71 
84026891 9/1/98' 624 604083 i X ~ 6043.77 
84026891 10/5/981 6.24 6040.83 X ' 6043.77 

B4026891 12111981 4 27 6042.80 X 6043.77 
84105891 1/5/98; 54.27 6059.53 6053.80 
84105891 2/3/98) 54.26 6059.54 I 6053.80 

- 

8402689i 11/3/981 5.37 6041 70 1 X I 6043.77 

- 

~ _ _ _ _ _  

- 8410589; 3/2/981 54.02 6 0 5 9 . 7 8 7 /  6053.80 
6053.80 - 8410589; 

84105891 5/5/98/ 52.66 ~ 6061.14 l 6053.80 
84105891 6/1/981 51.47 6062.33 i I 6053.80 

4/10/981 54.03 ' 6059.77 

B410589i 7/2/981 50.57 I 6063.23 i ~ 6053.80 
B410589i 8/3/981 51.08 i 6062.72 1 ~ 6053.80 
84105891 9/1/98i 50.96 I 6062.84 j 6053.80 
~410589/ 10/1/98i 51.07 1 6062.73 ! 1 6053.80 
~410589j ii/2/98i 51.16 j 6062.64 i ~ 6053.80 
84105891 12/7/98! 51.74 ~ 6062.06 1 j 6053.80 
~4106891 i/5/981 44.00 i 6049.71 j 1 6043.61 
8410689i 4/10/981 43.66 1 6050.05 1 1 6043.61 
B4106891 10/1/981 40.18 6053.53 I j 6043.61 
84107891 1181981 37.52 j 6046.14 1 1 6038.66 
84107891 4/10/98l 37.12 I 6046.54 1 1 6038.66 
84107891 10/1/981 34.05 j 6049.61 1 i 6038.66 
B4112891 1/7/981 63.92 i 6063.38 ~ 1 6058.90 

~ ~ - -  . . .  .. ~ 

! 

B411289/ 2/4/98) 63.66 1 6063.64 I ! 6058.90 I 
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84112891 4/10/981 63.59 1 6063.71 I 
7 

RF/RMRs-99-433. UN 

6058.90 
I 84112891 3/2/981 63.66 1 6063.64 1 1 6058.90 I 

- 

84112891 9/3/98; 60.95 1 6066.35 ~ 6058.90 

___ 
P114589/ 4/8/98 262 6023 28 ' , 5989.40 
P1145891 10/5/981 -0 6018 70 5989.40- 
P114689I 1/7/98 10 51 5995 25 5983 56 
P I  146891 4/8/98 7 88 5997.88 5983.56 
P1146891 9/17/98 12.53 5993 23 I 5983.56 
P114689; 10/5/981 13 34 5992.42 5983 56 
P114789: -66002.74 5986.20 
P I  147891 4/8/981 7 91 6004 49 1 598620 
PI147891 9/17/98' 1008 1 6002.3 1 5986.20 - 
~114789j 10/5/98' 10.22 6002.18 i 1 5986.20 
PI148891 1/7/981 7 10 6011 16 ~ 1 600396 

~ _ _  

_________ ~ 

_____ 

_____ PI148891 3/11/981 7 14 6011 12 ! 1 6003.96 
PI148891 4/8/98' 642 6011 84 1 i 6003.96 - _____ ._ 

PI148891 5/5/981 6.15 6012.11 ' I 6003.96 

6058.90 
84112891 11/2/98/ 60.43 6066.87 
84112891 12/7/98/ 60.35 I 6066.95 
84113891 2/3/98i 55.63 1 6055.43 I 6047.56 

PI148891 6/3/98' 4.78 1 6013.48 1 i 6003.96 

PI148891 7/8/98i 4.93 601333 j 1 6003.96 
PI148891 6/18/981 4.78 , 6013.48 j rn 

I PI143891 1/6/98l 6.88 ' 5986.29 1 5978.67 I 
_____i 

~114389i 2/5/981 6.75 I 5986.42 i [ 5978.67 

PI143891 4/7/981 5.96 1 ; 5978.67 
PI143891 3/5/98( 7.30 1 5985.87 ! ~ 5978.67 

P1143891 5/5/981 6.00 ' 5987.17 ' 1 5978.67 

PI143891 7/1/981 728 5985.89 i , 5978.67 
P I  143891 6/3/98 1 6 67 5986.50 1 5978.67 

- 

P I  14389' 8/4/981 7 22 5985.95 
P1143891 9/8/981 7 60 5985.57 
PI143891 10/5/98' 7 78 5985.39 1 5978.67 

- 

._ 

P I  14389 I 11/5/98i 7.33 5985.84 5978.67 
PI143891 12/2/98 7 51 5985.66 5978.67 
PI144891 11131981 12.73 6022.70 ! 5986.63 

__ ____-- 

_____i__-- 

P114489/ 4/8/98! 8 35 6027.08 
Pl144891-?0/5/981 14.03 ' 6021.40-i 
PI145891 1/13/981 5.06 6020.84 ' ~ 5989.40 

_.___ ------- 

t__ 

- _ -  I P l14889m7/981 5.33 6012.93 ~ i 6003.96 1 
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RF/RMRS-99-433. UN 

P115089/ 1/6/98l 13.95 6026.15 j / 5999.40 
pi150891 2/5/981 13.90 i 6026.20 I 1 5999.40 

P115089/ 6/3/98i 10.63 1 6029.47 1 I 5999.40 
P1150891 7/8/98/ 12.73 1 6027.37 1 5999.40 

13.36 I 6026.74 I 1 5999.40 
14.24 ~ 6025.86 1 i 5999.40 

I I 

P1150891 9/17/98) 14.68 I 6025.42 1 i 5999.40 
P1150891 10/5/981 15.32 I 6024.78 1 1 5999.40 
P1150891 11/5/981 16.31 ] 6023.79 i / 5999.40 

1 5999.40 
! 5998.60 

P1154891 31111981 10.35 1 6014.75 1 j 5998.60 
P1154891 4/8/98i 7.15 I 6017.95 1 1 5998.60 
P1154891 5/5/981 6.62 ' 6018.48 I ~ 5998.60 

i__- 

P115489l 6/3/981 7.59 601751 ' i 5998.60 
P1154891 6/18/98l 7 98 6017.12 ~ 5998.60 
pi i5489i  7/8/981 8.74 6016.36 i- 5998.60 
P1154891 9/17/981 10.10 I 601500 I 5998.60 
P115489i 9/17/98' 10.10 I 601500 I ' 5998.60 
P115589i 1/7/981 648  6009.29 , , 5986.27 
PI155891 4/8/981 420 ' 6011.57 ' 1 5986 27 

' 5986.27 
P115589i 10/5/981 8.21 6007.56 5986 27 
P1155891 9/17/98: 7 67 6008.10 I - 

______ 
P115689i i 5988.51 
pi i5689i  4/8/981 5.82 ' 6002.89 I ' 5988.51 

5988.51 
P115689i 10/5/981 12.80 5995.91 ' 5988.51 
P119389 1/7/981 4.24 6008.947 5996.28 
P1193891 2/5/981 4.50 6008.68 i 5996.28 
P1193891 3/3/981 4.99 6008.19 1 5996.28 
PI193891 4/2/981 4.95 I 6008.23 1 ' 5996.28 __._ 

I 

P1193891 5/6/98l 5.64 ' 6007.54 I 1 5996.28 
P119389i 6/2/98i 4.81 6008.37 ~ : 5996.28 
P1193891 6/17/981 4.04 I 6009.14 I 1 5996.28 
P1193891 7/7/981 4.91 6008.27 I 5996.28 
P2073891 1/12/98/ 6.76 I 5976.01 ' I 5967.57 
P2076891 1/7/981 8.03 I 5959.85 1 j 5954.78 ~ 

P2076891 4/2/981 5.80 ! 5962.08 I j 5954.78 

P2077891 1/7/981 25.71 / 5942.04 1 I 5940.45 
P2078891 1/6/98/ 6.12 5958.78 1 ~ 5957.20 
P2078891 2/11/981 5.97 5958.93 I ' 5957.20 1 I 

P2078891 4/2/981 3.93 ~ 5960.97 I 5957.20 
~207889/  10/7/981 10.11 1 5954.79 1 X j 5957.20 
P207989I 1/6/98/ 20.64 ! 5944.53 X I 5944.67 
~2079891 2/10/981 25.34 i 5939.83 I X 1 5944.67 
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_l_i___ 

/P2136891 4/8/98l 8.69 5987.35 I ~ 5982.54 
P213689 5171981 8.17 5987.87 I 1 5982.54 

RFIRMRS-99-433. UN 

0 

P2079891 2/11/981 18.85 1 5946.32 ! i 5944.67 
P2088891 2/11198/ 93.08 , 5856.17 1 i 5852.35 
P2089891 2/11/981 17.41 5947.15 i I 5939.76 

I I I 

P208989) 3/11/981 17.52 I 5947.04 1 I 5939.76 
P2089891 4/8/98! 13.00 I 5951.56 ~ 5939.76 
~208989; 5/6/98i 12.00 5952.56 1 : 5939.76 

6/4/98] 14.34 1 5950.22 1 I 5939.76 2 1 1 1 / 9 8 ; 2 4 5 5  5949.70 1 5948.25 
P209189j 2/16/98l 13.51 5968.70 j 1 5947.21 I P209289i 1/6/981 14.73 5968.69 I X ~ 5970.72 
P209289 I 4/2/98 1- 13.63 5969.79 1 X ,I 5970.72 I P2092891 7/7/981 15.04 ' 5968.38 i X 5970.72 

I P209389j 1/12/98l 19.07 5964.32 ~ 5954.59 I 
P2093891 4/2/98) 16.88 5966.51 1 1 5954.59 1 P209389l 7/7/98; 18.46 5964.93 7 1  5954.59 

P209489' 2/16/98' 2927 5950.83 1 5945.10 
P209489' 4/8/98i 27.05 5953.05 
P209489' 7/7/98' 28.73 5951.37 , 
P2094891 10/7/98 I 29.26 5950.84 5945.10 

__ ________- 
_____ 

1p209589' - 2/11/98i 20 __- 17 5929.87 
P209689 1/7/981 24.68 5939.75 
P209789i 1/7/98; 8.72 5956.22 ! - 1 P209789i 2/10/98i 8.81 5956.13 -_____ -__ 

____________l__l____ 

5924 10 
5924 10 

_____-_____-__I_ 

P2097891 4/2/98 ' 4 34 5960 60 

P209889' 2/11/98' 5 65- 5936 75 
P2097891 10/7/981 11 81 5953.13 I 

-___A 

P209889 I 611 7/98 1 4.93 5937.47 
P209889 7/7/981 5.39 5937.01 1- P2098891 7 / m  5.39 5937.01 

_ _ _ - ,  

____ 
P2100891 1/13/981 20.40 5880.00 i 5878.90 
P210089~2/19/981 19.23 5881.17 
P2100891 3/11/981 1890 5881 50 i 
P2100891 4/9/98i 15.81 588459 I 5878.90 

____-__I_ 

P2100891 5/6/98j 11.91 5 8 8 8 . 4 9 7  1 P2100891 6/5/981 18.51 5881.89 1 5878.90 
~2101891 2/16/98i 14.50 5967.98 
P213689i 1/13/981 9.42 5986.62 1 P2136891 3/11/981 9.78 5986.26 I 

I 1 

P2136891 6/3/98) 7.66 5988.38 ~ 1 5982.54 
P2136891 6/18/981 8.08 5987.96 I 1 5982.54 

CI 

P2236891 7/8/981 8.73 5987.31 1 i 5982.54 

- 

P2157891 4/8/98/ 14.23 1 5989.43 1 ~ 5985.16 
P2157891 10/5/981 16.46 ~ 5987.20 I 1 5985.16 
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P218289/ 1/6/98l 9.42 6008.78 1 5994.70 
P218289) 4/8/981 4.98 j 6013.22 j 5994.70 
P2182891 9/17/981 9.92 1 6008.28 , 1 5994.70 
P2182891 10/6/981 10.46 ! 6007.74 ! 1 5994.70 

, 

RF/RMRS-99-433. UN 

P3134891 10/6/98! 15.89 1 5997.69 

- - ~ -  

P2180891 1/7/98r 5 5 5 -  5982.00 1 j 5980.15 
P2180891 4121981 4.12 1 5983.43 I i 5980.15 
~2180891 io/7/98I 5.85 j 5981.70 I j 5980.15 

I 5992.48 

P3135891 2/5/981 9.55 1 6000.56 

- .~ 

P2183891 1/7/98] 14.44 ~ 5944.01 1 X ! 5945.95 I 

j 5997.61 

I 

P2183891 2/5/98! 14.75 1 5943.70 1 X 1 5945.95 
P2183891 2/16/981 14.80 I 5943.65 I X 1 5945.95 
P218389) 3/3/98) 14.80 5943.65 I X : 5945.95 
P218389i 3/11/98( 14.84 1 5943.61 j X ; 5945.95 
~218389i  4/2/981 8.65 ~ ~149.80 I i 5945.95 
P2183891 5/6/981 7.24 1 5951.21 1 I 5945.95 
Pa83891 6/4/981 10.17 5948.28 1 j 5945.95 
P2183891 7/7/981 12.77 1 5945.68 1 X ' 5945.95 
~218389i  8/5/98i 10.18 ! 5948.27 1 I 5945.95 
P218389i 9/2/981 14.32 ! 5944.13 i X 5945.95 

P2183891 11/2/981 14.84 I 5943.61 I X ' 5945.95 
P2183891 10/7/98i 14.77 5943.68 ! X l 5945.95 

~ ~ _. 

P2183891 12/1/98 I I ' DRY 5945 95 
P2191891 1/5/981 12.40 5930.75 X ' 5931.65 
P2191891 2/5/981 13.45 5929.70 ~ X 1 5931.65 
P219189/ 3/3/98] 13.14 1 5930.01 i X l 5931.65 I 
P219189l 4/8/98/ 12.66 5930.49 I X , 5931.65 
P219189i 5/6/98' 11.87 ' 5931.28 I X ~ 5931.65 
~ 2 i g i 8 9 1  6/2/98i 11.41 I 5931.74 I I 5931.65 
P2191891 7/7/981 13.47 ' 5929.68 
P219189i 8/5/981 13.04 5930.11 I 5931.65 ____ 
P219189i 9/2/98' 12.58 5930.57 ' X ' 5931.65 
P2191891 10/7/98i 12.01 5931.14 , X 5931.65 
P2191891 11/2/981 12.00 I 5931.15 I X , 5931.65 

-___ 
~ 

P219189i 12/1/981 13.42 5929.73 X I 5931.65 
P2194891 1/6/981 23.35 1 5937.80 i x 1 5938.25 
~ 2 1 9 4 8 4  4/2/98i 23.74 I ~ 3 7 . 4 1  I X j 5938.25 
P219489j 7/7/981 24.42 ' 5936.73 1 x i 5938.25 
P2194891 10/7/981 22.93 I 5938.22 ~ X : 5938.25 
P2195891 2/16/981 27.43 i 5938.27 X I 5940.00 

P2195891 4/8/98] 27.00 1 5938.70 x / 5940.00 
P2195891 5/6/981 26.64 j 5939.06 1 X 1 5940.00 
P2195891 6/5/981 26.28 I 5939.42 I X 1 5940.00 _ _  - -  

I I - - .... 

P3134891 1/6/98] 14.69 j 5998.89 1 1 5992.48 
P313489l 4/8/98] 9.26 6004.32 1 ) 5992.48 
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P3142891 412/981 15.03 I 5996.74 X 
P3142891 5/5/981 13.19 i 5998.58 1 

RF/RMRS-99-433. UN 

5998.27 
5998.27 

P3135891 4/2/981 7.14 ~ 6002.97 I I 5997.61 
~ 

I 

P3135891 5/5/981 7.52 6002.59 I 1 5997.61 
P3135891 6/3/98( 8.04 I 6002.07 1 I 5997.61 
~3135891 7 ~ 9 8 1  8.45 j 6001.661 1 5997.61 
P3135891 8/4/981 8.08 6002.03 1 1 5997.61 
P3135891 9/8/98i 8.55 6001.56 ~ 1 5997.61 
P313589i 10/6/98/ 8.94 ~ 6001.17 1 5997.61 

P3135891 12/1/981 9.41 6000.70 1 ' 5997.61 
P3135891 11/5/98/ 9.34 1 6000.77 I i 5997.61 

P3142891 1/6/98i 13.45 I 5998.32 i ~ 5998.27 
P3142891 2/5/981 13.89 1 5997.88 1 X 1 5998.27 
P3142891 313981 16.41 5995.36 I X ' 5998.27 

P3142891--8/4/98/ 14 29 5997.48 ~ X ~ 5998.27 
P3142891 9/8/981 12.77 I 5999.00 I 5998 27 
P314289 9/17/981 12 81 5998.96 ' 5998.27 

-_ 

P314289' 10/6/981 12.86 5998.91 5998.27 
P314289 11/4/98l 13.43 5998.34 I ' 5998.27 
P314289I 12/1/981 13.78 5997.99 X 5998 r27 

_ _ _ ~ _ _ _ .  

_____- 

------ .~ - 

P317989 1/7/981 6 42 5986 42 ~ 5985.34 
P3179891 4/7/981 3 62 5989 22 I ~ 5985.34 

~ _ _ _ - -  

X 5985.34 P317989 1016/981 7 84 5985.00 
P3200891 1/6/98: 14.41 5997.46 I 5993.07 
P320089 4/8/98I 9 99 6001.88 1 I 5993.07 

__ ~ _ _ ~ _ _ _ -  _ _ _ _ _ _ ~ ~  

- _ _ _ _ _ ~ - _  

~~ L 

P320089 9/17/98 1 15 20 5996.67 5993 0 7  ___- ~ L 
~ 

5993 07 P320089 I 1 0/5/98 j 15.50 5996.37 
5993.68 P414189 1/6/98 881 600337 

P4141891 4/8/98' 5 09 6007.09 I 5993 68 
5993.68 P414189 9/17/98, 11 09 6001 09 I 

P414189 10/6/981 12 15 6000.03 5993.68 
P415889i 1/6/981 13 23 6039.37 ' 6009.40 

I T i  ~ 6009.40 
P415889 3/5/981 15.15 603745 1 6009.40 

~ 

_ _ _ _ ~ - _ _ _  _ _ _ _ _ _ _ _ _ _ _  ~~ 

~~ ~~ 

_____ ~ _ _ _ _ -  

- 

1 6009.40 
P4158891 5/5/98 I 9.64 6042.96 l 6009.40 
~415889i 6/3/98) IO 90 , 6041 70 j 1 6009.40 
P415889 6/16/981 11 21 1 6041.39 i j 600940 

P415889 4/8/98/ 10 63 1 6041.97 ~ _. 

, I 

P4158891 7/8/98/ 13.09 I 6039 51 i j 6009.40 
P415889i 9/17/98l 15 56 I 6037 04 1 ~ 6009.40 
P415989i 1161981 5.56 ~ 6041 15 j : 6020.01 
P4159891 4/8/98] 2 94 6043 77 ~ ~ 6020.01 
P415989I 9/17/981 8 45 , 6038 26 1 l 6020.01 
P4159891 10/5/981 9 61 6037 10 j 1 6020.01 
P4160891 1/6/98/ 6 48 1 6047 47 1 I 6019.95 
~416089i 2/5/981 3 60 ~ 6050 35 ~ ~ 6019.95 
~416089 I 3/5/98i IO 23 i 6043.72 I I 6019.95 
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P4160891 9/17/981 11.53 I 6042.42 1 j 6019.95 
P4160891 10/5/98/ 12.42 j 6041.53 1 i 6019.95 
P416089l 11/4/981 14.03 I 6039.92 1 ~ 6019.95 
P4160891 12/1/98! 11.88 ~ 6042.07 ! 6019.95 
~416189i m 9 8 1  7.90 ~ 6040.05 j j 6018.25 
P4161891 4/8/981 5.22 ~ 6042.73 i 6018.25 
P416189; 9/17/981 11.66 j 6036.29 ~ 6018.25 

P416289i 1/6/981 13.44 1 6026.78 I 1 6016.72 
~416289j 4/2/98i 11.64 6028.58 ~ j 6016.72 
~416289i 9/17/98i 15.07 I 6025.15 I j 6016.72 
P4162891 10/5/98! 15.98 I 6024.24 j 1 6016.72 
P4163891 1/6/98; 13.23 ~ 6043.91 1 : 6027.04 
P4163891 4/8/98! 5 . 1 5  6051.99 i I 6027.04 
P416389/ 9/17/98i 16.67 . 6040.47 ! ~ 6027.04 
P416389i 10/5/98! 18.00 6039.14 I i 6027.04 
P4164891 1/6/981 14.57 ~ 6035.58 I ~ 6024.45 
P4164891 2/5/981 14.82 6035.33 I 6024.45 
~4164891 3/5/981 17.54 6032.61 i 1 6024.45 
P4164891 4/8/98i 9.22 6040.93 ! : 6024.45 
P41648- 8.52 6041.63 ~ 6024.45 
P4164891 6/3/98; 11.91 6038.24 j 6024.45 
P416489/ 7/8/98! 16.60 . 6033.55 1 i 6024.45 
P416489i 8/4/98i 17.65 6032.50 I ' 6024.45 
P4164891 9/3/98, 18.41 6031.74 j i 6024.45 
P4164891 9/17/981 19.37 6030.78 1 ! 6024.45 
P4164891 10/5/98! 20.44 I 6029.71 ~ I 6024.45 
~4164891 w m 8 i  22.10 I 6028.05 i , 6024.45 
P4164891 12/1/98! 20.20 I 6029.95 I 1 6024.45 
P416589j 1/6/98: 26.04 j 6016.77 ! ~ 6011.81 
~416589i  3/12/98i 27.46 j 6015.35 j 6011.81 
P4165891 4/2/98/ 24.92 ' 6017.89 1 I 6011.81 

P4161891 10/5/981 13.18 j 6034.77 1 1 6018.25 

__. 

-A- 

__ 

RF/RMRS-99-433. UN 

P416089 8/4/981 7.76 I 6046.19 I ! 6019.95 
- 1  I P416089; 9/8/981 10.73 6043.22 I 1 6019.95 1 

P4165891 5/5/981 21.50 j 6021.31 1 i 6011.81 
P4165891 6/3/981 23.80 1 6019.01 j 1 6011.81 
P4165891 6/16/981 24.64 6018.17 i j 6011.81 - -. 
P4165891 7181981 26.40 ~ 6016.41 j j 6011.81 
P416589: 9/17/981 27.53 I 6015.28 i I 6011.81 
P416689i 1/6/98, 29.06 6007.49 1 I 6004.05 

P4166891 3/5/981 29.57 ' 6006.98 I 1 6004.05 
P4166891 2/5/981 29.16 1 6007.39 1 1 6004.05 

I P4166891 4/2/98i 18.44 I 6018.11 1 ~ 6004.05 I 
P4166891 5/5/981 27.87 I 6008.68 1 6004.05 
P4166891 6/3/98/ 28.06 I 6008.49 1 1 6004.05 
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RF/RMRS-99-433. UN 

P416689i 7/8/98/ 29.03 I 6007.52 j j 6004.05 
P4166891 8/4/98/ 29.12 6007.43 I , 6004.05 
P4166891 9/3/98] 29.18 i 6007.37 ~ 6004.05 
P4166891 9/17/981 29.36 1 6007.19 1 i 6004.05 
P4166891 10/5/981 29.52 ~ 6007.03 ' 1 6004.05 

6004.05 
x 

I P4167891 1/6/98/ 27.07 ~ 6002.20 X 6002.37 1 
P4167891 2/5/98! 27.21 6002.06 ~ x 1 6002.37 
P4167891 3/5/981 27.62 ' 6001.65 , x ' 6002.37 
P4167891 4/2/981 23.54 1 6005.73 1 6002.37 
P4167891 5/5/981 23.43 ' 6005.84 I ' 6002.37 

P4167891 9/8/98! 27.36 I 6 0 0 7 1  
P4167891 9/17/98/ 27.51 I 6001.76 6002.37 
P416789' 10/5/981 27.69 6001.58 6002.37 
P416789 11/4/98l 29.67 5999.60 6002.37 

____T___ 

P4167891 12/1/981 27.21 6002.06 ' X 6002.37 1 
P4168891 1/6/98! 17.86 I 6000.93 5998.49 
P416889' 2/5/981 18.00 6000.79 5998.49 

_ _ _ ~ - _ -  
- 

P4168891 3/5/981 18.47 6000.32 I P416889i 4/2/98. 14 60 ~ 6004.19 ' __.  - .. 

I P416889' 5/5/981 14.12 6004.67 5998.49 -1 
P416889' 6/3/98/ 16.48 6002.31 5998.49 

5998.49 P416889-- 7/8/981 17 76 I 6001.03 ~ _ -  --=I 
~4168891 8/4/98 I i 7.46 6001.33 

5998.49 
5998.49 

_ _ _ _ _ _ ~  

-___ 

P4168891 9/8/98 I 18.35 6000.44 
P4168891 10/5/981 18.62 6000.17 
P4168891 11/4/981 18.66 6000.13 

_- I m 6 8 8 9 1  12/1/98 i 7 8 . 1 1  6000.68 
P416989' 1/7/981 39.39 6008.16 
P416989 1 4/8/98 I 39.11 6008.44 5891.95 
P416989 10/5/98/ 39.15 6008.40 1 

P4196891 1/6/981 19.20 I 6004.22 
P4196891 4/8/981 13.89 6009.53 5999.92 

I 

P419689 ~ 911 7/98 ~ 19.65 6003.77 5999.92 
5999.92 I P4196891 1015198; 20.14 ~ 6003.28 I 

5967.57 
THIS! 2/4/98/ 39.90 , 6006.67 i 5967.57 
TH19I 3/4/98i 40 40 6006.17 ~ 5967.57 , 
TH21' 1/12/98/ 35.77 6003.59 I 5960.36 
T H 2 1 ~  2/4/98/ 35.95 ~ 6003.41 I 5960.36 
TH21 I 3/4/981 36.35 \ 6003.01 5960.36 

TH-21 5/8/98l 25.36 6014 00 1 ' 5960 36 

A 4 2  1998WwLr 
Sheti  
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Appendix C. 1 

1998 Borehole Logs 



L:.S. DEPARTMENT OF ENERGY ROCKY 'FLATS PLANT FORhI GT.1A (REV. 2 ,  

Borenole N L , , , ~ ~ , .  - - . . - I 

(I) Badly bromn core. accurate tootace measuremen= not posslore. 
(2) Core breaks cannot ne matcnea. acwrate footage measurements not possible 

.-ksr. (7 D I 4% Surface Elevation: 
Area: 9 0 ;  / R Y  nh, J - P I T  I Location - North: East: 
Total Depth: - 

Project No.: 
Date: 3 / 1 7  /d1G 
Geoiogi;t: JIM C Q K  1 2 -  ? T U L  Cornpanv: IT CcLP 
Drilling Equip.: >c - C t r d , l n u @  Szmole Type. L d m u t r  L 

-b 

EG&G LOGGING SUPERVISOR 

- 

SAMPLE DESCAlPTlON 



L'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 3) 

ROCKY FLATS PLANT BOREHOLE LOG P A G E ~ O F ~  
6orehole Number .- Surface Elevation. 
Location - North 
Date 3)l?/'?'& 
Geologist,;), c Ccr /2 TLltk. 
Drilling Equip. (3% 3 

East Area 7 0 3  p a D / w m ' \  PIT 

7 7 w 4  Total Depth' 1% I c' 
Comoanv CT c czr3 Proiect NO-- 

f C W  SPrnole Tvpe LCGLUL~O L.r, 

EG&G LOGGiNG SUPERVISOR 
APPFiOVAL DATE - 

I 

NOTES. General: USCS IS moaified for tnis loo as follows: 
Materials amounts are esrimatea DV ah volume instead of 9'. weton!. 
( 7 )  Badly broKen core, accurare lootage measuremenrs nor Dossmle 
(2) Core Dreaks cannor ae matcnea. accurate tootage measurementS n3t  DOSSIDIB. 



i'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1.A (REV. 3 

7 1 -  ROCKY FLATS PLANT BOREHOLE LOG PAGE -OF- 
- 

Surface Eievatron 
Area 9 D 3  P A D  f TYw 'I 7f?- 
Total Deoth. lh . 0 

Borehole Number: CCI 
Location - North: East. - 
Date: 3/i 7 / G  6 

Drillina EquiD.. @ *If rhc-  Sernpie Tvoe 
Protect 

R U D K >  - Geoiogist 3 Cox /2 TL *Ti% 

,/ 1 

EG&G LOGGiNG SUPEP.VISOR 
DATE 

SAMPLE OESCRIPTION 

NOTES. General: USCS is modified for this log as follows 
Materials amounts are estimated DV % volume instead of % weight. 
(1) Badly broken core. accurafe tootage measurement3 not D u S s l D k .  
(2) Core breaks canno! ae matcnea. accurate footage measurements not Dosslble. 



EG&G LOGGING SUPERVISOR 
4PDROVAL DATE 

I 

SAMPLE DESCRIPTION 

NOTES. General: USCS is moaified for this fog as foflows: 
Matenats amounts are estimated bv 96 volume instead of % werght. 
(1) Badly broKen core. accurate tootage measurements not DG5SlDk. 
(2) Core oreaKs cannot De matched. accurate footage msasuremena not oossioie. 1 

t 

(a ismisownFam Q~UY~YOIW-I 



I!.S. DEPARTMENT OF ENERGY ROCKY FLATS PLA"T FORM GT.1A (REV. 11 

PAGE 1 OFL ROCKY FLATS PLANT BOREHOLE LOG 
Surface Eievation Borehoie Number. - C z ?  

Date: 3 J ~ c / 4  9 Total Depth. f 2  -I( 
Geologist / W L  ( - f  Company i7 Project No.: 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

Location - North. as1 Area 4 0 3  />AD /$$/)fit) ?I7 ?L\IMg - 

Sample Type f tYk?-lt7J 0- 5 Drilling Equip &LO ~ O J J L  

SAMPLE DESCRIPTION 

NOTES. General: USCS is rnoaibed for this log as follows: 
Materials amounis are esrimatea by % voiume tnsiead of 96 weignt. 
(1)  Badly orOKen core. accurate footage measurements not DoSSitJle. 
(2)  Core DreaKs cannot oe matched. accurate footage measurements not DosSlble 



L'.S. DEPARTMENT OF ESERGY ROCKY FLATS PLANT FORM GT.1A (REV. 1: 

PAGE 5 0 F . d  3OCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: 0 6 

East. 

f eolocyst: 
3riiling Equip.. W U r C W  

I/ i 

Surface Eievatlon: 
Area: PAO/gY&AJ PIT IzLV*S. 
Total Deoth: )?.< 
Comoany: IT Project No.: 
Samole Tvpe: 

EG&G LOGGING SLJPEEVISOR 
APPROVAL DATE 

NOTES. General: USCS IS moained tor tnis 109 as tollows: 
Materiais amounts &*e estimated by % volume tnsteaa ot Ye we@t 
(1) Badlv bfOKen ccre. ascurate tootaae measuremenu not DossIDte. 
(2) Core oreaws cannot oe matcnec. ascurate footaoe measurements nor 03Ss101~ 



ri.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2; 

2- FAGE OF- ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number. S O 3  9% Surface Elevation 

East Area. 
Total Depth 1 b * z 

G eolog is t et- (t-k- Company. ' 7 Protect No . 

EG&G LOGGING SUPEWISOR 
Ai3PROVAL DATE 

Drilling Eauip.. c s - 0  @f*bL Sample Type L& /MSQIc-+ 
/ /  

SAMPLE EESCRlPTlON 

NOTES. General: USCS is rnooiked for this log as follows: 
Materials amounts are estimated by % volume insteaa o! % weight. 
(1) Badlv brOKen core. accurate iootage measurements not oossioie. 
(2: Core Dream canno: De rnatcneo. accurate footage measuremenb nor DcssiDle. 



i’.S. DEPARTMENT OF ENERGY ROCKY FLATS PLAST FORM GTJA (REV. 11  

PAGE 2  OF^ ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Numoer. CC39T3 Surface Elevation 
Location - North East. Area 
Date 3/23/q4 Total Deptn Ib Z 
Geologist f3 Tm4 Cck Company rl Proiect No.: 
Drilling Eauip . &&Oft&- Sample TvDe C @ V c / f i J o d f  

// . 
EG&G LOGGING SUPE9VlSOii 
APP!?OVAL 

NOES. General: USCS is moained tor this loo as follows: 

SAMPLE DESCfilPTlON 

Materials amounts am esiirna~ea bv 96 vaiurne instead 01 9/0 weiont. 
i 1) Badlv broKen cgre. acturare tooraae measuiernenP not DOSSIDk. 

(2) Core DreaKs canno: ZE! matcnea. accurate tootage measuremens not oossiDte 



;'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GTJA (REV. 1) 
~~ 

ROCKY FLATS PLANT BOREHOLE LOG PAGE O f  2- 
6orehole Number: C C q q ? ,  Surface Elevation: 
Location - North: East: Area: 43-3 ?do w -  r 0 Tt /DM 
Date: 51 zq- /q  CO Total Depth: 1 q ' " 
Geologist: 9 l &  L O %  Comoany: 1 7 ~  i L ? Project No.: 
Drilling Equip.: GL-G 9Tc.k- Sample TvDe. -+'e u c -  3 

EG8G LOGGING SUPERViSOA 
APPROVAL DATE 

/ I  

SAMPLE DESCRIPTION 

NOTES. General: USCS is mooified lor tnis log as follows: 
Mateenas amaunts are estimated by % volume instead of % weiaht. 
(1) Badly OrOKen core, accurate footaae measurements not Dossioie. 
(21 Core Dream cannot be matcnea. accurate footaoe rneasurementf not possible. 



:'.S. DEPARTMENT OF ENERGY ROCKS FLATS PLANT FORhl GT.lA (REV. 2) 
~ 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: x 4 4 e Surtace EtevatJon: 
Location - North: 
Date: 31 24 Jqq Total Depth: t d a  

Geologist: L ~ Y  Company: f7 LCJ-F Proiect No.: 

Drilling Equio.. ., 

EG&G LOGGING SUPERVISOR 

PAGE 2 OFZ 
East. Area: 9 tij ?AD /L)lbiht'5 7 

qfhj)nk.- Sample i v p e  c-4 / f l c . ' e L )  7 

~ 

DATE APPROVAL 
1 I 

SAMPLE DESCRIPTION 

t 1  

t i  
1 1 

NOTES: General: USCS is mooifred for Mts log as follows: 
Matemls amounts are esrtmatea by % volume instead of 70 weloht. 
(1) Badty broken core. acturare tootage measurementf not PossIDle. 
(2) core DreaKS canna? De matCbeo. accurate footaae meaSuremenfS not Dosslble. 



i’.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORhf GT.IA (REV. 1: 

-7 P A G E ~ ~ F -  ROCKY FLATS PLANT BOREHOLE LOG 
Borehole NumDer: ‘> c ycie Surface Eievatlon: 

Location - No h: East: 
Date: 31;Lqh @ 
Geoiocyst: ,-bn k g  
Drilling Equip.. C-G 3 ~ 7 9  c Sample Tvoe: L C w ‘ d  C L -  

EG&G LOGGING SUPEEViSOR 
APPROVAL DATE 

4 Pi2 P L l . ! !  Area: C ~ J  3 74 17 /F%?w 
Total Depth: zc  . c  
Company: /7 rcd i . ,  Project No.: 4 

SAMPLE DESCRIPTION 

NOTES. General: USCS is mootneo for tnis log as foltom: 
Matenais amounts are estimated by % volume instead of % welght. 
(1) Badly broxen core. accurate tootage measuremcns not DOSSIDle. 

(2) Core ttreaks cannot ~e matcnea. accurate footage meaSuremcnD not DoSslDte. 



FORM GT.1A (REV. II 

2 ROCKY FLATS PLANT BOREHOLE LOG PAGE OF- 

EG&G LOGGING SUPERVISOR 
APPROVAL - 

- 
4 

u p  
C Y  

z 
- 

?? 

DATE 

SAMPLE DESCRIPTION 

NOTES. General: USCS IS rnoatfied tor this tog as  follow^: 
Matenats amounts are estimated by % volume instead of % welgnt. 
(1) Baoly broken core, accurate rootaoe measuremen= nor oossiote. 
i2! Core Dream cannot De rnatchea. accurate footaoe measuremcns not oosstble. 



I ' .S .  DEPARTM 

z PAGE &OF- 
ROCKY FLATS PLANT BOREHOLE LOG 
aorehole NumDer: r Y % - / L i  F; Surface Eievation' 

Location - North: East: 
Date: - 7 h 4  1 h5 Total Deotn: f? a 7- 

Geologist: 

Area: 403 P A  o/@yHfl5 ? 17 2 L m g  

1 -  
A I L v \  1 n 

c rk Company: IT Project No.: 
&- 

5 Savole TyDe: .. m d  [W 
Drilling Eauip.. fl- 

EG&G LOGGING SUPEFiVlSOR 
DATE 

I 

SAMPLE DESCRIPTION 

CLJ - 

I- c 

NOTES. General: USCS is mooified tor this log as follows: 
-0,a lJ2.  l3L 0 1  1 6 s  __--- - 

Matenals amounts are estimatw bv % volume instead of % wetght. 
( 1 )  Badly broken core, accurate tootage mea~uremcn5 not DOSSiDle. 
(2) Core DreaKs cannot be matcheo. accurate footaoe measuremen= ~ O I  possmte. 



I'.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GTJA (REV. 2! 

PAGE 2, ROCKY FLATS PLANT BOREHOLE LOG 

EG&G LOGGING SuPEwisoa 
APPSOVAL 

I 

t P-I 

I ! I  
NOTES General: USCS IS modiBeo for this io9 as follows. 

Materials amounts are estimated bv 9b volume insteaa ct 
f 1 )  Badlv broken core. accurate tootaae measuremenrs not oossiole 
(2) Core Dream cannor ce matcnea. accurate iootaae measuremens nor PcssiDle 

weionr 

/' 
/ 



FORM GT.1A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE L O i L  I I 
Borehole Number: Surface Elevation: c 0 3 9 8  

Date: V Z u / l r  A Total Deptn: 19 1 

Drilling Equip.: ,:, 

Location - North: East: Area: 9 9 -  

CJf Project No.: Geologist: L c'v Company: i T f crt 2f 
Samole Type: C a d  ( 4  d uh 5 

EG&G LOGGING SilPEiiVlSOfi 
APPROVAL DATE 

I 

c; 

c -lW 
I : I  I 

is mooinea tor tnis roQ as tollom: 
Materiais amounts are esilmatm ov 
(1) Badlv bronen core accurate tootaoe measuremenlS not DOSSlDle. 
(2) Core Dream canno: ae matcneo. accurate tootaoe measuremenfS no1 possible. 

volume insteao of % weiont. 

~lI.*3C-Ol34-'?Y)~Farm GT.LAYPYOIrTZ) 



m 

e 

6 

.. FORM GT.1A (REV. 2) .S. DEPART'MENT OF ENERGY ROCKY FLATS PLANT 

PAGE 2 OF& IOCKY FLATS PLANT BOREHOLE LOG 
)orehole NumDer: 
.%ation - North: cast: 
)ate: ~ / z c . / ~ B  

Surface Elevatron: 

Total Depth: i L t . 1  
Area: ~ j ~ * ~ W o M v + I h  ' <  ?Ti ?LuMe - I? b 7 9F 

ieologist: I )Jm c ?'/ Comoany: 'f L 2 2 9 Project No.: lrillino Equip.: & ~ C > R C  i 3 r  Sample Type. .-- 3 t t r  5 

3 & G  LOGGING SUPEWISOR 
4PPP.OVAL DATE - 

I 

- 
I 
, 

J J 

I I 
NOTES; General: USCS is mooified for this bog as folIOwS: 

hktenalt amounts are estlmated by % volme instead of % weight. 
(1) Badly broKen core. accurate footage measurmens not DMSIOle. 
i21 Core oreaks cannot De matchea. accurate footage measuremen= not Dusslble. 



;IS. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 
FORM GT.1A (REV. 2) 

d 

ROCKY FLATS PLANT BOREHOLE LOG 
PAGE 1 OF- 

Borenote Number. (@> p?,6 Sutface Elevation 

Date. -2 a p; 7 Total Deoth. / h i /  fp W-0; 
Geologist 3 C;7/tA/€L,>-+/(, Comoanv /f C d  Prolect No.: 
Drilling EQU~D. /i 6.a /=zi ,3 +-> Samoie Tvpe 

EG&G LOGGING SUPERVISOR 

Location - North: East. Area: 94'. /h rn ( ,4r 

[ x h n # d  ;L/j 

AP?ROVAL DATE 

L 

I c 

t GI 

NOTES. General: USCS is moatbed for this 100 as tollom: 1 
Matenais amounts are esltmated OV % volume tnsteaa o! 70 wetght. 
[ 1) 6adlv OfOKen core. acxrale lootaoe measuremtnlf nor DOSSIDle. 
(2) Core breaks cannol De marcneo. accurate tootage measuremens not oosrible. 

011.*3001 )r.oloufem GT.UYOYOIrnP?) 



.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT F0Rh.I GT.1A (REV. 17) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE &. O F 2  

ES&G LOGGING SUPERVISOR 
APPROVAL DATE 

H 
' P I  

' NOTES. General: USCS is mooified for tnis io! as follows. 
Materials amounts are estimate0 DV 46 volume instead o! 96 weiant 
(1) Badlv broken core, accurate tootaoe measurementf not oossiDle. 
(2) Core Dream cannot oe marcned. accurate tooraae meaurementf no1 Dossibfe 

ai i-qjo.01 W V W Y  Fonn GT.mnOYOIR) 



R G Y  ROCKY FLATS PLANT FORM GT.1A (REV. 1! .S. DEPARTMENT OF ENEL-. 

PAGE A C j F X  ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Numbe pps 7 r r  Surface Elevation: 

A Location - Nort 
Datc 

ES&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCRIPTION 

I 1 1  / I 

NOTES. General: USCS is moatkeo tor tnis loa as follom: 
Materials amounts are esrimarea DV % volume instead of 96 wetant. 
I11 Eadlv broKen core. accurale tootaoe measurementr not OOSSlDle 
I ~ 

(2) Core DreaKs cain01 De rnatcnea. accu:ate footaoe measuremen= not DOSSIDIe. 



L ' S .  DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 11 

PAGE L O F ~  ROCKY FLATS PLANT BOREHOLE LOG 
-f-qc/G Surface Elevation , 

-7 q , y a  Area 7 0 3  ~ u / P Y R ~  P I  

ComDanv 1 t Protect NO.: 
Samole Tvoe t w ' w 5  

- Eorenole Number. 
Location - North. East 
Date. 3 Y I f  I ct Total DeDtt7 t ?- 1 

Geoloaist !!.u . 1 
Drilling Equip 

- I  

// .* 

EG&G LOGGING SUPEEVISOR 
APPROVAL 

NOTES General: USCS 1s rnooined tor this loa as follows: 
Materiais amounts are estimarea bv Sb volume instead of 9b welahi. 
(1) Badlv broKen core. accurate footage measuremenKS not oOSSible 

DATE 

SAMPLE DESCRIPTION 

, 
- i  

2 -  - 

( 2 )  Core oreaks canno: DP rnatcneg. accurate ioo:aoe m e s u r e m e n =  not Dossibie 



l i . 5  DEPARTMEqT OF ENERGY ROCKY FLATS PLANT FORM G T J A  (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1,  OF^,, 
.- ; f f 5  Surface Eievatlon' Borenole Numoer 0 /L 

Location - North. 
Date: 4.-/p $'v/ Total Depth 12 - 
Geologist. 0, dd a 

EG&G LOGGING SUPERVISOR 
APPROVAL 

East: Area 905 /A3 / L4h  5 /# I 

.a.- '7 Company. /* 7- f cd4/ Prolect NO.: '7RdJ' 
c Sample Tvpe Ab/+ L *ID#  AV =* Drilling Equip.. /5 &?I "&&7&.L 

SAMPLE DESCRIPTION 

NOTES. General: USCS is modified for this 100 as tollows: 
Materms amounts are estimatea by % volume insteaa of O/o wetoht. 
( 1) Badly brown care. accurate tootaoe measurernens not DossIDle. 
(2) Core breaKs cannot De matcnea. accurate tootaoe meaSurementS not posslble. 



APPROVAL 

NOTES. General. USCS is modthea for inis loa as tOhOW3 

Matenais amounts are estimatea DV % voiurne tmtead of % wetant 
(1) Badly broken core accurate tootaoe measurementf not oosslDle 
(2) Core Dream canno1 oe matcnea azcurate tootaoe measurementf not DoSSrbie 

, 
"'p I4OlI.Y)O-OI)C8Y)YFmGT IAYOYOLR) 



.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 1: 

EG&G LOGGING SUPERVISOR 
APPROVAL - 

i 

- 

I I '  

NOTES. General: USCS is moained for tnis log as tollows: 

DATE 

SAMPLE DESCRlPnON 

Materrais amounts are esrirnatea ov % volume insteaa of % weiaht. 
(1) Badlv broKen core. azcurale TOOtaae rneasurementS I701 OOSSlOle. 

(2)  Core oream cannot 3e marcnea. accurare iootaoe measurementS nor oossible 



FORM GT.1A (REV. 2) 

e 

4 

PAGE 2 OF ;zC ROCKY FLATS PLANT BOREHOLE LOG 
tiorenole NumDer: 0 I l'? 9 Surface Eievation. 
I nraftnn - Nnrti __.. Aroa' 403 pdD/wdfls  / PIT Pu)bGF - 

I . I " _ .  Eii>L. 

Total DeDth: 2%- 
L"..O..Y.. 

Date: Comoanv' IT Project No.: 
Drilling Equip.. qL4 Qat- Sample Type. ~ - v & l ~ t % f s  
Geoloaist: .e L h C W  

" 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCRIPTION 

7/05 t o  5 . / 

NOTES. General. USCS is moainea tor tnis io0 as follows 

/ Matenais amounts are estimates DV % volume insteaa of 9b weight 
(1) Badly broKen core acturaie lootaae meaturemens not DOSSlOle 
(2) Core DreaKs cannot De matcnea accurate toofaas meaSurementS not Dosslble 

I 



i',S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE L OF& 
Borehole Number: Surface Elevatton: 
Location - t j~r th : .  =ast. Area: 4 0 7 )  rmd 

.: 1 Z'.f '?* - 
I Total Depth: J 3 L;ia . & . *  c 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

I 

I c 4 /I 

I i- ii'l 

NOTES. General: USCS IS moained for Inis log as lollows: 
Materiais amounts are estirnatea bv % volume insteaa 01 % weignt. 
( 1 )  Badly brmen core accurate roorage measuremena no1 OUSStble. 
(2) Core DreaKs cannot ae rnarcnea. accurate footage measuremena no: Dossiole 



i'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 
1 

ROCKY FLATS PLANT BOREHOLE LOG PAGE &OF& 
Borehole Numoer: - Yy7k Surface Elevation. 
Location - North' East Area. %T Y d ~ / F W ~ ~  ?n ? L l b d  

Total Deoth /e 3 
Project No.: 

Date. $19 B 
Geologist l J l h  L.L. * Comoanv fl 
DrlillncJ Equip.. cr-. ?#7.'tc-.L Samole Tvpe 5 

ES&G LOGGING SUPEFiVlSOR 
APP9OVAL 

I 

'! , 
) j, - 

13.3 

1 .q 
I 

8 

DATE 

-.-. , - -  r -  

NOTES General USCS is moained tor tnis 109 as follows 
Materials amounts are esrimatea nv 4b volume insteaa of o/o weignt 
j ' )  Bad& brOKen core accurate tooraae measurements not DoSslOle 
( 2 )  Core DreaKs cannc: De matcnea attuiate footace meawlernens nor PossiDie 



$. DEPARTMENT OF ENERGY RO ICKY FLATS PLAKT FORM GT.1A (REV. 1) 

3orehoie Number: 0 1 7' 

-~ 

PAGE i, O ' L  3OCKY FLATS PLANT BOREHOLE LOG 
Surface Eievatlon: 

Total DeDth. Ct . 
_ocation - North: East: Area: 903 a D / " c V # f l ' 5  ?n ? L w  . ?E 

4 Project No. : 
3ate: 

- 

E3&G LOGGING SilPE3VISOR 
DATE APPROVAL 

k . 4  I 

Ib 4 

SAMPLE DESCRIPTION 

- 
Y 

N O E S  General USCS IS mooineo tor tnis 100 =& ' 
Materials amounts are estimates bv % volume fnsteaa of 90  weloht 
( 1 )  Badiv broKen ccre accurate tootage measuremenrS not DOSSlDle 
(2) Core DreaKs cannot De matcnea accurate footaoe measuremenrs not posttDle 



9 

8 

i:.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

ROCKY FLATS PLANT BOREHOL 
tiorenole Numoer: (3-t  LL4 

~ 

PAGE I OF-!- ,E LOG 
Surface Elevatton: 

E ~ ~ A G  LOGGING suPE”nvisaa 
APPROVAL 

i 

DATE 

SAMPLE DESCRIPTION 

I _ ’  

7-D = l a  8 2  
( D e 2  ‘ 4  

NOTES Generat USCS IS rnooified for tnis loa as f&%37 
Matenals amounts are estimatea DV % volume instea0 of YO welght 
‘1) Badlv broKen core. accurate tootage measuremen= no! DOSSiOle 
(2) Core DreaKs camo: ce matcheo. accurate footaoe rneasuremenn not possible 



L ' S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

EG&G LOGGING SUPERVISOR 
APPROVAL 

u z  0 -  

NOTES. General: USCS is mootneu for this log as follows: 

DATE 

SAMPLE DESCRIPTION 

Materials amounts are estunarea CY % volume instead of YO wetoht. 
(1) Badlv broKen core. axurate iootaoe measuremens not ocssloie. 
(2) Core DfeakS cannot oe matcheo. accurate tootaae measurements nor Dosstbte. 



i'S. DEPARTMENT O F  ENERGY ROCKY FLATS PLAKT FORM GTJA (REV. 1) 

ANT BOREHOLE LOG ROCKY FLATS P L  .,... - _ - - - _ -  
tiorenole Numoer: 015-7H 

PAGEAOFL 

~ 

EG&G LOGGING kU?ERVlSOR 
APPROVAL DATE 

I 

. -  
' u i  

TI 
4 

1 

SAMPLE DESCRIPTION 

I } ' I  

I I 

NOTES. General: USCS IS rnooined tor this loo as tollows 
Matemit amounts are estirnatea cv % volume insteaa of 96 wetant 
( 1 )  Badlv bfOKen core accurate tootaae rneasurementf not CCSSlOle .  

(2) Core DreaKs cannot oe matcnea. accurate tootaoe measurements not DossiDie 



i 'S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORhl GT.IA (REV. 1) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE I OF-& 
~~ 

tiorenole Number: i31 6Y 9 
East: 

i;eologisr. ' r in4 i - 6  
!hl l rna Equlo.. u.c,m- 

EG&G LOGGING SUPEERVISOR 
I d  

APPROVAL DATE 

SAMPLE DESCRIPTION 

NOTES. General: USCS is mooined for this log as follows: 
Materials amounts are estimabsa ov P/b volume instead of % welgnt. 
(1)  Badly OroKen core. accurate tootage measurementS not DOSSIDle. 
(2) Core Dream cannot oe rnaicneo. accurate footage measuremen= no: oosslble. 

401 l - Y ~ 1 3 4 - - O J o ~ F a n !  GT.IAXOM)IR! 



I..S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GTJA (REV. 1) 

L ROCKY FLATS PLANT BOREHOLE LOG PAGE -&OF- 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAM PLE DES C R I PTI ON 

NOTES. General. USCS 1s modified for this log as follows: 
Materiais amounts are estimates by % volume instead of % weiah!. 
I 1) Badrv broxen core. accurate tootaae rneasurernenrs not DCSSlDle 
(2) Core Dreaks cannol De rnatcnea. accurate footage measurements no: DOSSIDIB 

01 I-*xMIY.9u)I(Form GT.IANOMIA 



L'.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT 
FORM GT.1A (REV. 21 

t I PAGE - i)F- 
ROCKY FLATS PL T BOREHOLE LOG 
tiorehole NumDer: t3 3 Surface Elevation: 

Location - No h: . 
East. Area: -3 /"7 4 4 } 5 ? T i  Ycruw- 

Total Depth' 9 .t? 

Sample Tvpe. L - C ~ ~ J * W  5 

Comoany: 17- Project No.: Date. 4?am 
Geologist. 2, ii ( b 4  

' 

Drilling Equip.. C W  0r-n~~. - 
/I , 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCRlPTlON 

NOTES. General: USCS IS mooined for this log as follows 
Materials amounts are esfimatw by % volume instead of 70 welgnt 
( 1) Badw brOKet7 care. accu:are lootage measurementS not DOSSlOle 
(2) Core breaks cannot De matcnea. accurate tootaae measuremenrs no1 Dossible. 

~ I I . Y ~ ~ Y - P ~ O Y F ~ ~ G T . I A W O Y O I ~ ~ ~  



L..S. DEPARTMEET OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

PAGE L O F /  ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Numoer. @\%q Sunace Eievation 

Area: 403 p;Q D /ttYAfl> 7>/7 PL- mr East 
Total Deoth 5 . 2  

Geologist. /.$,A Lek Comoanv 1 7 -  Protect No.: 
Drilling Equip.. CLCWl4.t- Sgmoie Tvoe L fl rm- 5 

I /  - 

E.S&G LOGGING SUPFFVISOR 
APPROVAL 

NOTES. General: VSCS IS moaned io: tnis io9 as tollows 

DATE 

SAMPLE DESCRIPTION 

Matenals amounts are estimates BV % volume instead of Yo welont. 
I 1)  Badiv DroKen c3:e. accurate tootaae measuremenn no; D C S S I D I ~  

(2) Core Dreaks cannot De matchea. accurate footaae measurementS no1 DOSSlDl@ 



i'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

.. 

FORM GTJA (REV. 1! 

PAGE 1- 0=2 ROCKY FLATS PLANT BOREHOLE LOG 
Borehole NumDer: ci qe F Surface Eievatlon. 

Total DePth' 4' 1472 4 East Area. qem/ey4h)% -3ft %?f-&& 

I Proiect No : 1 7  Geologist d , w \  L t A  Corn Dany 

Drilling Equip c Y .*Id*- - Sample Tvpe C W f ) o n ~ ;  
d t  

EG&G LOGGING SUPEEVISOR 
APPROVAL 

- 

- I t  -2 - 

- 1  
i - 

DATE 

SAMPLE DESCRIPTION 

NOTES General. USCS IS rnoainea for this log as tollows 
Materiais amounrs are esrimarea bv % volume insteaa of % weiont 
( 1 )  h d l v  broKen c3re attarale tootaoe measurementS no: DOSSlDle 

(2) Core Dreaks canno: ae matched accurare footaae measurements no: DossiDle 

) I I - Y ~ O I ~ - Q ~ Y F o n n  GT IAYOM)lIp?I 



:!.S. DEPARTMEKT OF ENERGY ROCKY FLATS PLANT FORM GT.1.4 (REV. 3 

PAGE I * F A  1 ROCKY FLATS PLANT BOREHOLE LOG 

~ 

EG&G LOGGING SLJPER'diSOR 
APPFIOVAL DATE 

SAMPLE DESCRIPTION 

t 

~ 

r 7 i 

NOTES Genera! USCS IS rnoarfiec for this log as follows 
Materials amounts are estirnatecl DV 96 volume instead 0; O O  welgnt 
1 I Badlv DroKen core accurate rootage measuremenB not oOSslDle 

(2) Core meats cannc: oe rnatcnec atcurate tootaoe measuremen= noT DosslDle 



F0Rh.I GT.1A (REV. 1! FNERGY ROCKY FLATS PLANT 

I 

I 

i 

- 

SAMPLE DESCRIPTION 

I / I  

N3TES. General: USCS is moainea for this log as follows: 
Materials amounts are esornarea DV O/o volume instead of % weight 
(1) Badlv broKen core. accurate tootaoe measuremen= not DoSSlDle 
(2) Core means canna De  matcnea. accurate footaoe measuremens nct D O S S I ~ I ~  

01I.V)(MI)4-OY)Kfom GT.IAXOM)lIPZ) 



DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. I1 . -  

ROCKY FLATS PLANT BOREHOLE LOG PAGE A OF 1 
Elorehole Numoer. C'T I + F Surtace Eievatton 

Location - North: 
Date' -4//3199 
Geologist c) 6- /CA 
Drilling Equip. m- Sample TvDe i ~ ~ r w o u s  

- :as: Area Pgf? @ /dLyb"j ?t7 PI f IH/(& 

1z.c Total Depth 
Company Yr Drorect No.  

EG&G LOGGING SUP.E?,VISOR 
APPROVAL 

I 

T I 

DATE 

S AM PLE DES C RI PTI 0 N 

NOTES. General: USCS IS moaltied tor tnis loa as lollom 
Materials amounts are estimated DV % volume tnsreao of % weion? 
(1) Badlv DroKen ccre accurate rootaoe measuremen= nor OOSStDle 

(2) Core DreaKs cannz: oe marcnea accurate tootaoe measuremenrs nor ozssiote 



.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. It 

IuuICY FLATS PLANT BOREHOLE LOG 
Surface Elevatlon: 

r-- *a .- Q2-pfj' > p r r  adwb I t 5 ,  
Borehole Number. -zz'I E 
1 
Datc - 
Geoloai: 

Drilling E 1-1 

ES&G LOGGING SUPERVISOR I 

1 -  

i i  
I 

DATE 

' I I I \  
NOTES General USCS IS moained for tnis iog as tollows. ' 

Materials amounts are estirnatea DV % volume instead of 0,. welant 
(1) Badlv DroKen core accurate tooraae measurements not DOSSlOle 
(2) Core orearts canno: De matcnea accurate footage measurements no: DOSSIDf@ 

2011- '4~I~y-930uFonn Gi IAYOzlOllptl 



U.S,.DEpARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.lA (REV. 2) 

- 
ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: C73/ F#? 
Location - No h: East: Area: n Gh3- ‘PflL 

Date: 2.&%9 _. A Z - ,% 
Geologist: I”/&5e& WLJf . Gr, CK: CLo9) Company: n ~ r v ; f  

Drilling Equip.: Sample Type QOh h w e  ow< L), 

EG&G LOGGING SUPERVISOR 

P A G E / O F ~  

Surface Elevation: 

Total Depth: / z  0 ’ 
- 

Project No.: 

APPROVAL DATE 

-c. 
\ + 

--: --  57. B 2 J  _ -  - --  -- - - &, 7 /Z  E /A ,+d/~d ,&kdlcc )= - 
/ -  

/d =-,- -&.e - /z&-/= /,A& 
c.*/e 5f-c77rzd ~ C J  / e > @ ~  SIpcves -- 

mb J S f b f Z  l7?*Lbt fl> CDd % 
4OTES: General: USCS IS modified for this log as follows: 

Materials amounts are estimated by S‘. volume mste+d of % welght. 
(1) Badly broken core. accurate footage measurements not posslbk. 
(2) Core breaks cannot be matched. accurate footage measurements not Dossible 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.'A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE WLf, 

( 
Borehole Number: 0 3).9,@ Surface Elevation: 
Location - North: East: Area: 9- e-- d s 7 L ! ! ! ! -  d4 &c/ 9 

- d Project No.: 

Date: 2 1 /z/9H d 6 /z/9fl 
Geoiogist: -77/4 ~ 5 , e A L h  ,d Ye-_ 
Drilling Equip.: S+-F,arn/ 'fdsa Sample Type. P ~ m k ; ~ ? - , ,  CfiHA 

Total Depth: 2 2 ' 
d Ta++CbpjCampany: 8fH 

I 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

L 
NOTES: General: USCS is modified for this log as follows: 

Materials amounts are estimated by 0,b volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measuremens not possible. 

I-YjoOIY-*MMFarm GT.UXOYO1R) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGELOF 3 i - 
Borehoie Number: a3 798 Surface Elevation: 
Location - North: East: Area- F3!- 0 &, 9 C / ! *  @JiJ,. 
Date: bz//z/‘ 9s &? 6 -3 -58 Total Depth: 2q’ 
Geologist: ~ A ~ V ~ ~ A ~ L V J Q  \K ~ ~ 3 9 )  Conpany: 17rn-47 
Drilling Equip.: Sample Type. 

EG&G LOGGING SUPERVISOR 

\ 

\ 
0 
? 
a$ 

Cc;>~’c 5 f k ~ c d  )i /CA o ,7 t i  At& 
fc-vcA s o m e  Z.e&>5.+OVC ‘ IOTES: General: USCS is modified for this log as follows: 

kterials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core. accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not Dossible. 



U.% DEPARTME" OF ENERGY ROCKY FLATS PLANT FORM GT.~A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: /3 3 7 96 
Location - North: East: Area: p", 3. &-+ &f4/&>1--?dwdq 
Date: 2/3/!.i9 k / 3 / H  Total Depth: 2 J5"' 
Geoiog ist: -l_f/kk J ' ~ ~ r , e +  (Lclgyompany: 7SrCre~its c 1 Project NO.: 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

P A G E Z O F S  

Surface Elevation: - 

Drilling Equip.: 5 - e  Sample Type. c.eP /-eOdoL ci, y p  

I - 1  I I 

SAMPLE DESCRIPTION 

JOTES: General: USCS is modified for this log as tollows: 
Materials amounts are estimated by % volume instead of X weight. 
(1) Badly broken core, accurate footage measurementS not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 



U.S; DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GTJA . (REV. ' 2) 

2; 
4 :  
In2 

- 

ROCKY FLATS PLANT BOREHOLE LOG P A G E ~ O F -  

Surface Elevation: Borehole Number: A. 3 79# 
Area: 8. S &. ~ - 4  
Total Depth: ?&' 

YGP~&/O, Jcorcpany: "7"/"" * 2 Project No.: Geologis6 &WS~A++/XJX 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

# s.., &7*fi-J 

/ 
:7;/w 

Drilling Equip.: 5'+->- Z A P  A Sample Type he? / d & w  u/ &ye 

- 
z 
E 8  
8 8  8 8  
c 

SAMPLE DESCRIPTION 

NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not Dossrble. . 

"' 
14011-~1001Y-~30YForm GT lAYOM)I/Pz? 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLAN" FORM GT.U (REV. 2) 

ROCKY FLATS PLANT BOREWOLE LOG 
Borehole Number: O s ? .  PF? Surface Elevation: 
Location - North: East Area: d- 4 577 
Date: 6/#/5 Total Depth: ' 
Geologist: 7 2 4  >/4'Gy&d&zii+> Company: Ze -&O?GZ 1 Project No.: 
Drilling Equip.: S h + a s ? ? d c  SampleType: PB& *# F A  us &He 

EG&G LOGGiNG SUPERVISOR 
APPROVAL DATE 

PAGEL  OF;^ 

4 

3TES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

c 

B 



US. D E P A R m - O F  ENERGY ROCKY FLATS PLANT FORM GT.IA (REV. 3) 

0 

1 
0 

I 
1 ROCKY FLATS PLANT BOREHOLE LOG 

Borehole Numbqr: D339M Surface Elevation: 
Area: h/- 4577 

- 
6' 

Geologist: 
Drilling Equip.: 

EG&G LOGGING SUPERVISOR 

APPROVAL .~ DATE 

SAMPLE DESCRIPTION 

I 
VOTES: General: USCS is modified for this iog as follows: /th O&O --w,&.de@%?j 

Materials amounts are esbmated by "/. volume instead of X weight. 
(1) Badly broken core, accurate footage measurements not possrble. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

'yb+ c d m ~ s r d .  



U.S. DEPAFtTWENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 

ROCKY FLATS P U N T  BOREHOLE LOG PAGE _I  OF^ 
Borehole Number: Qwy& Surface Elevation: 

Date: 2-Z%%? @ 6 - . /  5 9& Total Depth: 
Location - North: East: Area: 5 .  F -2- ~ 2 r J ~ -  

k5T)Project No.: p ~ r p d  (1 
y&,Eompany: .- 

o i +--p -P@ I Geologist: 7 7  /-cL~P.& 

Drilling Equip.: g%-.hm-&= Sample Type- &6'A>7c?d us 

EG&G LOGGiNG SUPERVISOR 
APPROVAL DATE 

VOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks Cannot be matched. accurate footage measurements not Dossible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV, 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGEZOFZ 
Borehole Number: d Surface Elevation: 
Location - North: East 
Date: z-&-5?H B 6 - 6  - PA Total Depth: /& ’ 
Geologist: 

EG&G LOGGING SUPERVISOR 

Area: 34 b*J f l e d  /7// 7- d 

LA tMdP /L73 .F& +c‘-“--a) Company: fi&ad 7 4 ~  2 Project NO.: 

I 
Drilling Equip.: 94ieh%daO Sarnpie ~ype. P ~ e j ~ ~ e u s  awe 

I il 

t 
r.=3z+T be,i>)eA F e ~ $ i ~ - p ~  be.)- 

,’-rap 

7-75 +7Ard. 
NOTES: General: USCS is modified for this log as follows: 

Materials amounts are estimated by 
(1) hdty broken core. accurate footage measurements not possible. 4 6 ~  cl;rl 
(2) Core breaks cannot be matched. accurate footage measurements not possibl&@*did. 

volume instead of % wetgM. 2 4-e &.s>r;~;.;H&c( ~2/47&; 
-z c 4 -% -4 
&,, dr,/ 
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G.S. DEPARTMENT OF ENERGY ROCKY FLATS PLLYT FORiM G T . U  (REV. 1) 

I 
i 
I 

i 
1 
8 

I 
i 

j 

j 

! 

I 

/ 
j 
! , 
I 

‘4CTES. General: CSCS is moorfiea for !his log as follows 
Materials amounts are esarnated 2y  O‘O mume insread of a% Neignt. 
[ 7 )  Baaly Droken cere. acrxaro :ocrage measuremene not ;css.cre. 
(2) Care xeal(s cannot De marcned. acrJrale focfage Tneasurernens ,-ct xssible 



ii.S. DEPARTMEXT OF ErYERGY ROCKY FLATS PLANT FORM GT.L4 {REV.  I) 

-1 LCGG i NG + Y 

i I - %+ 
I I 

I 

j i 
I 

VOTES. Eeccrar: LSCS s .?oci'lec !cr :his log as 'allows: 
'datenais amounts are esi:mateQ 3y "6 volume 1ns:ead of "5 ueiqPt. 
( i] 3acly zrmert ccrc. aczraie :cotage measurements not xssiote. 
;2) Csre Breaks cannot 38 7a:cned. accurate :cctace nreaSurementS nct xssicle. 



US- DEPARTMENT OF ENERGY ROCKY FLATS P U T  FOELM GT.U (REV. 1) 

f 
i 
I 
I 
I 
! 
i 
! 

j 
i 

I 

j 

/ 
i 
I 

i 

I 

; 
I 

i 

I 

1 
i 

i 
I 
I 
i 

I 
I 

NOTES: Senerai: US= is rnccifiec tor this !cg as !otlom: 
,Matenad arnouflts are   slim aced Sy “b .dclume ins;ead 31 3: weiqht. 
(1) 3acly brcken care. axxiare factage measurements . x t  3o5s;cle. 
(2) a r e  DreaKS cannot be rnatcned. accurate fcctage rneasuremenrs not ocssrbie. 
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, 
I &  3 . i L  3 

UClTES: General: LSCS is moorfied for !his Icg as !cl~owS: 
\faremis amounts are es:imcicea by % vclume Insiead of '/. weqnt. 
I ; )  3aaly 3rcken ccrs. actt'rate fccnqe rneasuremens nct zcssicte. 
?;2) Care oreaxs twnnct :e marcned. accdrate :cotage measilrernens RC( scssioie. 
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US- DEPAIX- OF ENERGY ROCKY FLATS PLANT FORM G T . U  IREV. 2) 

I 
I 
! 
I 
i 

i 
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! 
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! 

I 

, 
! 

! 
1 

I 
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! t 1 . 3 ' =  T.D .  ! 

i 
! 
! 
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, 
i 
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I 
I 
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I 
I 
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I 
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i 
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I 
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I 

i 
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i 
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i 
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I 
1 
I 

- 12.0- 

- 4 
I 

1 

, I 
A ( 3 . -  

! 

! I 
I I 
i \ S , L  

I I 

i 

LOTES. Senerai: L'SCS IS mcci5ec for 'his log as foilows: 
Wareriais amounts are esilmated ay "/o alurne insiead 3 "/. wetgnt. 
! 7 )  3aalv 3rcKen cere, acxracc 'octage measurementS not zcssicte 
2) Qre 3feaWS cannot 3e matched, accurate footage neasuremens nct pcssioie 
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VOTES. General: USCS mociiiec -or !his Icg as 'ciJcws. 
Materiais zmounts are dstirnatec! 3y '6 &une insreaa af "0 wergnt. 
i') 3sc~v zroKen tcre. ac=t;raro 'octage weasurernents nct ;cssioie. 
21 Care 3reaks cannot -,e matched. accurate :cctace ~easilrem-orts rcr ~css;ute 



L J S  DEPAR-W OF ENERGY ROCKY FWTS P U l Y T  FORM GT.U iREV. 2) 

EiG&G LOGGING SLiFESVISOA 
=A-Z AiCPCVAL 

- i i  I I 

i 

I 

4 - 
I , 

i 

I 
-t3.c-- 

I I 
! - 

I 

L w d  
! 
! 

I 

i 7 I 

I L \s.- 
I 

, 
I i 

I 70.2 I , 

\tCTES. General: CSCS is moaified fcr 'his Icg as :cilcws: 
Mareriais amcunrs are esrirnared ~y "'. d u m e  instead of *'. .vJecgnr. 



US- DEPARTMENT OF ENERGY ROCKY FLATS P L t Y T  FOLV GT.U (REV. 2) 

I I  
uorE3: General: L'scs is ncoifiea tor :his tog as !o~bvs: 

,Waierrais amunts are i.s:irnared :y 'i 'volume tnsiead 31 % .weisnt. 
( 1 )  eacly :reken tars. sczxato 'eoraae measurements nct zcssiole. 
;2) Core creaks :annot be .marched. accurate Yoorage ,~easirm?enrs no( xssioie 
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NOT%: General: USCS is <noaified tor :his log as kilows: 
.Marema amounts ZIP esi:mated by UO voiume ins:ead or % weignt. 
( i )  5aaty ZroKen czre. accurate footage measurements ncr xssiole. 
:2)  Csre sreaxs ,%not 38 matched. accurate ioataoe measurements not gcssioie. 

i I 

I 

I I 
I 20.0 
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US. DEPAFtTMENT OF LVERGY ROCKY FLATS PLANT FOFW GT.LA (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: $k!y??H Surface Eievation: 
LSCatIOn - Nonh: =:a.Sx: Area: ,UoU7‘# -PA 

/ Total Depth: 

Sarnore Type: 
LyI Carnoany: 71ERRA ?ro!ect No.. 

f US#/ coA/nrw~& WF 

1 .WPQOVAL 

l i  

r i  

DATE I 

Materials arriounts are mimaieo 3y O 6  volume tnsieaa cf “6 weignt. 
(i) 3ac!y SrcKen scre. zcCcL’ra:e k c q e  rneasurernencs nct wss;cie. 
(2) =re zreaks canna 2e rnatcnea. zccxai? kcrace neasurements not scssible 



DEPARTMENT OF ENERGY ROCKY F U T S  P U N T  F O R .  GT.1A !REV. 2) 

1 ROCKY FLATS PLANT BOREHOLE LOG ?AGE & c& 1 
Borehole Number: 2 m 9oa Suriace Elevation: 
Location - North: East: Area: Alcdkh PA 
Date: ,& - 2#+3~ Total Oepth: / a- 0 
Georogist: ~ - 6 - e ~ ~  - 2,s ZL.*L) Company: /..t-~r~~ "rolect No. 
Grilling Equip.. &&+-Le&r - SamuIe Type LSr7hWQd 4 ~ .  cc3,--e 

EG8G LOGGiNG SUPERVISOR 
AFPROVAL DATE 

,- /+ 
0 

c 

I 

i 
I '  

- SAMPLE 2ESCAJPTION 

NCTES: seneral: USCS is moaified lor this log as follows: 
Materials amounts are esilrnated Sy ab ,volume instead of o/o wetgnt. 
(7) Baaly SroHen ccre. accurare footage measurements nor mssible. 
( 2 )  Zsre E r e a s  cannot be matcnea. accurate footage measurernenrs not oossicie. 

; O L  .-*+>I 3-+M)cFonn GT.;AIOYOI/V?! 
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EG&G LCGGiNG Si'FE.?VISCR 
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, X T E S  Zsnerai: -SCS :s mcciirea ?or :nts .cg is :cilcws: 
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US. DEP.4RTMENT OF ENERGY ROCKY FLATS PWLYT FORM GT.1A (REV. 1) 

PAGE Z C F ~  ROCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: 2 0 1  923 Surface Elevation: 
Location - North: East: Area: A/- *A- 
gate: ,4 -2+5%/' 6 /30 - F8 
Geologist: *ewbb42;.4. F - d  &@ Company: Project No.: 
3nlling Equip.: 4-CJ ;*-d 69 Sample Type: m p : u  ~ZW-L bQ. 

EG&G LOGGING SUPERVISOR 

Total Depth:*.-#, 

DATE 

SAMPLE BESCRlPTlCN 

L 

NCTES. General: ciSCS IS modified for this log as follows. 
Materlats amounts are estimated oy O 6  volume instead of "6 weight. 
(1) Badly xoken core, accurate footage measurements not DCSSIDl8. 

(2) &re Dreaks cannot be matcnec. accurate tootage meaSurementS not GoSSIole 

Jo I1 . -1001~~3oyfwm u? lA)lO>QiOLrC~ 

e -  

&+ 
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4. c /  
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* 
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- 
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S 
Qc 

I 1 ' -  I ! 
I 

8 ! 3 3 1  j 
I ! 

,\LOT3 General: LSCS IS modltied *Gr :nis c g  as :oilows: 
Utalerlas amomts are +sfmated 3v % arurne instead of '6 *ecgnt. 
(:) Saaly braKen ccre. acarare footace measurmens ncf 3css:cie. 
(2)  C a s  =reas  carnct :e ,varcned actx i te  -cotage measurerents m t  cossqole 
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3.S. DEPARTMEN.T'OF ENERGY ROCKY FLATS PLcLYT FORXI G T . U  [REV. 2; 

3orehole Number: 

GIGGING SUPERVIS 
AFFFOVAL v- 

1 3  
'k 

k 4. ~ q . 0  

II 

I I V  

I 

I !  

I 
j -4 

j 
! -  1 

\tCTes. Ssneral: LSCS .s moaifiea 'or 'his log as rorlows: 
Waterlals imunts are estimated f)v '6 iciume Insiead c; *'o N e i g n t .  
I\ i )  Zacly x x e n  ==re 3cacate rcoraca measurerrens nct :css.ole. 
(2) =re Qrearrs manot =e vawea. accurate 'ootaqe .measurements not oossiole. 
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U.5. D E P M m T  OF ENERGY ROCKY F U T S  PLrtVT FOR%f GT.1.A {REV. 1) 

ROCKY FLATS PLANT BOREHOLE LOG 
Sorehole Number: 3 q p  
Location - Nonh: East: 
2ite: ?/L/qy 
Geologist: R. & OEUUCC 
criitinq E ~ ~ ~ ~ . :  m~rro4a ./m ACIQ~MZZ 

Surface Eievation: 

Total Depth: 2 3  ' 
Sarnpany: -A F'rojec: No.: 

Area: M W M  - PA 

sarnole Type: ewcL/ c c ~ t d / O ~ a  I CORE 
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U.S. DEPARTMENT OF ENERGY ROCKY FIATS P U Y T  FORM GT.LA {XEV. 2) 
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G.S. DEPARTMENT OF ENERGY ROCKY F U T S  F'mYT FOR%I GT.L+ [ R E V .  :! 

ROCKY FLATS PLANT %OREHOLE LOG 
Sorehole Number: z@y& Surface Eievation: 

?AGE 1, $ F A  

r ea: ,UOR?% -PA 
, Totai Cepth: Z?0--5 

EG8G LCGGING SUPERVISOR 
APPROVAL GATE 
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NCTES. Seneral: LSCS is rnodifiea for inis Icg as 'o~lows: 
Maerials arnobnts are os:ima;ed bv ''i voiume lrsiead CT '6 werant. 
( i )  Bacly xoKen c=re. acarate :ootqe rneaSurementS nct 3ossiole. 
12) e r e  oreaks cannot Se marcned. acmrare footace measurements not 2cssioie 



c 

ROCKY FLATS PLANT BOREHOLE LOG 

EGBG LOGGING SUPERVISOR - APPFiOVPL ,AT2 
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NCTfS General: LSCS .s rnccifiea fcr tnis a g  as :cllows: 
Matenas amounts are estirnatec Sy % ./oiume ins:ead ct 
, ' I  3 c l y  Drcrten are. scrxate :oarace rneasuremenfs not ocss:cle 
(21 a c e  areaks -not :e rnatcned, accrrrate 'oatace measuremena x t  xstisie 
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FORM GT.LA I R E V .  1) C.S. DEPARTMENT OF ENERGY ROCICY F U T S  PLLYT 

ROCKY FLATS PLANT BOREHOLE LOG 
gorebole N U ~ ~ W  % ~ 9 9 B  Surface E!evarion: 

,?AGE 1, cd- 

Area: .IloRt# -PA 
Total Oeoth: 240 
Carnuany: TfERRA . 7rolecf No.: 
Samore Tyoe: PU S&/ c omw W h  

SZ&G LOGGING SUPERVISOR I P?cQCVAL 
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.\CTES. Smeral. ,SCS s rnoctnea for 'his lcg as :otIcws. 
blzrerms ~ O U C D  are ss:irnafed 3v 06 doturne insread 31 '6 a e i y t  
(i 1 Baaly Srowen csre. scccurare iocage rneasurementf IC( 3css:cte 
,2) 3 r e  JreaKs cannct Se marcned. acarare 'ccraqe rneasurementS not Dcssicle 



U.S. DEPARTMENT OF ENERGY ROCXY FLATS P U N T  FORVf GT.LA 2) 

4GE & CF3- 
~ 

ROCKY FLATS PLANT BOREHOL€ LOG 
1 3orehole Nurnbec 204 ,?$' Surface Eievatlon: 

Area: L 

Total Ceoth: Z-&O ' 
Company: ?ro]ec: No.. 

Location - North: fast: 

$amole 'yoe: %IS#/ CU..V#UOP I m#QE 
~ _ _ ~  ~ 

EG&G LOGGING SUPEWISOR 
APPROVAL I 
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FOR%I GT.l.4 .REV. 2) T r  - 
L J . ~ .  DEP.mTMENT OF ENERGY ROCKY FLATS P L L Y T  
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PAGE & CF 

lu8itT# PA c r - - -  
j ROCKY FLATS PLANT BOREHOLE LOG 

eorenoie Numoer: 20 7 4 f: Surface Eievarion: 
Area: L 

Total Ceoth: 2.9- 
ZarnDany: -A =ro!ec: No.. 
zarnoie Tvoe: -i,/ CUUV'U- f CONE 
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I;.S. DEPARTMENT OF ESERGY ROCKY FLATS P U N T  FORM PR0.101~ 

I '  
f 

NOTES General USCS IS moaified for this log as follows 
Materials amounts are estimated by 04 vdume instead of -. weight, 
(1)  b d l v  broken core. accurate footage measurements not possible. 

Procedure No. RMRSiOPS-PRO. 101 
Revision 0 

Date effective: 123 1!98 
Page 17 of '8 (2) e r e  breaks tannor be matched. amrate  footage measurements not PoSSIDle. 



1 AiPQGVAL 5ATE 

I 

\iCTES. General: USCS IS mocifiea for this Ico a 'cilcws: 
Materials arToun!s t r e  2s:;ra:ea 2y *? .voiurne ins:eaa of a& weiont. 
( i )  sadly SrcKen x r e .  aczxate ioctace measurements not ;css;ole. 
(2) Cor5 breaks cannot =e marc3ed. actwale :zc:age rnezstirements not ~csslcre. 
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NCTfS Senerai: USCS s moc!i:iea iof 'his log as 'cllows 

.Mareriais arnocnts are esiirnarea by "6 volume 1ns:ead 3f "6 Neigrt. 
( 1 J Sacly broken zsre. x z x a ! e  'cofage rneasurementS ?or sCSS:Cle 
I 2) Scre SrflaKs cannci ce natcnea. accurake 'cotaoe Teasurements ?CI 3csscle 



S.S. DEP.4RMXT OF ENERGY ROCKY FLATS TLLU'T F O R U  GT.l.4 : R E V .  I) 

?AGE _I :F& ROCKY FLATS PLANT BOREHOLE LOG 

i 
i 

V I  i 
I 

I 

1 
i 
! 

! 

I 
I 

I 

I 
I 

I 
i 

! 

I 

i 

I 
I ! 
j 

j 

I 
1 

I 

i 
I 

I 



0 

0 

0 

'4GE A CF&' ROCKY FLATS PLANT BOREHOLE LOG 

c 



i 

I 
, 

I 

; 3  

D 
3 . 

8.0- 

11.3 
tI.9 
4.3 
_I 

i 

I 

! 
j 

i 
I 

I 

! 
! 
I 

! 

, 

i 

I 

! 

: 

i 

i 
! 
I 

! 

1 
I 
! 

i 
j 
i 

I 

i 

! 
i 

1 
I I 
I 
i 

I 

1 

I 

! 

E 

i 
~ 

i 

! 

i 

i 

i 

I 
I 

i ! 
i I 

j 

I 

i 

i 

I 

j 

i 

! 

! 

I 

I 

I 

! 
I 

! 

I 

! 

i 
I 

i 
I 
1 

1 i 
! 





I 
! 

I 
! 
I 
i 

! 

I 
1 I 

j 

! 

! 

! 

! 
! 

, 
I 

! 

I 
I 
1 
8 1 
! 
I 

i 
! 

I 

j 
I 

j 

j 
; 

I I 

i 
I 
i 

i 
! 
i 

i 

r 
B 



! 
i 
! 
! 
i 
I 
1 
! 

i 
! 

I 

; 

! 
! 
I 
I 

i 

I 

~ 

i 

UCTZS Ceneral. dSCS .s rnccifted :or 'his log as 'Cdows 
.Materiais aincunrs are sst:rnalea ~y O/O volume nsiead 31 '6 weignt. 
' 7 )  3aaly brciten szre. acttlraie 'ctctaqe ineasuremertS 101 zc'ssiole 
2: Csre breags cannci 3e matched. accurale Tcta-je TeaurerenLs nct J C S S I C ~ ~  



EG&G LOGGING SUPERVISCA 
,A?PC.CVAL 3 A - Z  
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NC-Ez. *Senera: ,SCS is moafied for Inis iog as !oilows: 
;Mna:erials amounts are ?s:irna[ea by 9'0 volume tns:ead 3f 96 weignt. 

i2) core breaKs cannc: oe rnalcned. accurate footage measurements n c t  ocssde. 
Saciy SrcKen czrp. aczurafe fcorqe measur5men;S not ;ossicie. 



FORM PRO.101A U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY E A T S  ENVIRONMENTAL TECHYOLOGY SITE BOREHOLE LOG 
3orehole Number: z/zv' 
LoGItion - North: =as: 
Date: a2 --1.5--~9 'otal OeOth --5-- 
Geologist: A r) Zamoanv 7-n =.oiec: Uo 

SAGE3- 24- 

Surface Eievatton: 
Area: 

- 

Drllflng =auto - jamole Tvpe G . z F a w  > 7-e- . 

R.MRS LOGGING jUPERVISOR 
APPFIOVAL 3ATE 

NOTES. General: USCS IS rnoaified tor this log as follow: 

* .- .-_ 

Procedure 30. RMRSiOPS-PRO. j; f 
Revisioii 9 

Date effective: 12!3 1'98 
Psge 77 of 'I8 

Materials amounts are estimated by Ye volume instead of 7% weight. 
(1) Badly broken core. accurate footage measurements not oossible. 
(2) Core Drtaws cannot be matcned. accurate tootage measuremeno not oossible. 



>4GE I S F z  ROCKY FLATS PLANT aOREHOLE LOG 
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'YC'ES Generat ,SCS IS rnccttied for 'ns og is 'ollcws 
Vateriais amounts are ss:.rnatea ! ~ y  
1 1 )  3acly broken c3rp. acrarate footage measuroreqs not ccssole 
2: Czre creaKs cannot 3e marc5ed act;rate 'octage ,Teasdements qct xssicie 

vccwne Insteaa of "6 Neicnt. 



DEP.JLRTMENT OF ENERGY ROCKY FLATS PLLYT 

,Matenan amounrs are esiimatea oy % volume ins:ead of "/o wergnt. 
: 1) %c!v xzKen ccre. ac:;ra:e 'ocraqe measurements cot xssrole 
!2)  Zsre Dreaks c a x c t  :e maicnea. accurate -cctage measurements not ocsskie 

Senerai: LSCS s rncciilea -cr 
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U.S. DEPART;MELZIT OF ENERGY ROCKY F U T S  PLLVT FORM ZT.L+ !=V. 2: 

  AGE J- 
' 

ROCKY FLAT'S P U N T  BOREHOLE LOG 

b I 



US. DEPA.RTMENT OF ENERGY ROCKY FLATS P L U T  FORM GT.1.A I R E V .  2) 

* 
ROCKY FLATS PLANT BOREHOLE LOG ?AGE C F A  

~iorenoie Numoer: i3-I 91 4cT B Surface Elevation: 
Area: NartrM L PA 
Total Deoth: ';x).o + 
Commnv- W A  ?ro!ecr No.. 
Sarncle Twe: pWi,/ C C W T ~ R / U ~ ; ,  f CUHE 
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=4GE 1, C F x  + ROCKY F ~ T S  PLANT BOREHOLE LOG 
3orenoie Numoer: p++ 220-79 Surraca Eievatrcn: 

Area: UQt?TU - P A  
-otal Ceoth: 
dsrncany: T1ERRA =-ciec: Y o .  
%mole vce: )US#/ C O W &  C&E 
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Appendix C.2 

1998 Well Construction @ j - ~ ~ ~ ~ ~ ~ ~  



1J.S. Department of Energy Rocky Fiats Plant F O m  GT.68 
(Rev.pl Piezometer ,ReDort OW 313114y 

RIG GHXOGIS 

PROTECTIVE CASING. TOP (Ff): (FROM GROUND SURFACE) r------ - - - -  - - - - 1 11 1 - 
SURFACE CASING (STICKUP), TOP (FT): 1 A. ;(&iC"4'5 



1J.S. Dapartment of Energy Rocky Ffats Plant Form GT.6B 

2. 
LCGGINGGKXOGIST ,gh 

12 3 ESTIMATED DEPTH TO BEDROCK (FT). e 6 COMPLETED DEPTH (m - /  

 OREH HOLE DIAMETER IN SCREENED INTERVAL (IN) 

DATE MEASURED: 

(GAL) A COMPLETED WATER LR/EL (q CY DATE MEASURED: 

4- QUANlTf OF FLUIDS LOST INITIAL WATER LEVEL (IT). dj*[L;q 
2 e" 

- - - - - - PROTECTIVECASING. TOP (FT): . ' ( m a  GROUND SURFACE) 

?___ SURFACE CASING (SnCKUP). TOP (q: I ' 
'&. * I/'o SURFACE CASING. 1.0. (IN): ?%'' lYP!Z - 

SURFACE SEAL. TOP (m: 1 .  

L 1436, ,F= &@!fl,. 3 TYPE: 0. c 
PROTECTIVE CASING. 1.D. (IN): / ~5 " W E  T Y t  b< 410 pT35 ' 
PROTECTIVE CASING, BOTTOM (FT): 1 . 0  ' 

SECONDARY CASING. TOP (n): BOTTOM (FT): 
APWCABLE 

CENTRALIZER. O.D. (IN): 4 TOP (FT): BOlTOM (m: 

SECONDARY CASING, I.D. (IN): 4- W E  

GROUT SEAL, TOP (FT): N 4  TYPE 

LLk-*3,d . ~ 

qoc) (Gh':i7/ 
BENTONITE SEAL. TOP (FT). PIPE: . @ 

BENTONlTESEALBOTTOM(FT): (fi 3 ' 
FILTER PACK. TOP (FT): 

FILTER PACK TYPE: 

/. 6 ' 3 
I L/4c; 5~ / I  c ~t 3~ \ L' BRAND: CS5 

SURFACE CASING. BOTTOM (n): 

SCREEN SLOT SIZE (.ooO IN). 

7 ' '5/ ' SCREEN. TOP (FT): 7 . 5 7  
'lo SCREEN. I.D. (IN): 31% '/ 

SCREEN. BOTTOM(FT): I 2 3 TYPE ?VC 5 d  q b  BRAND: 

SUMP. TOP (FT): i' 2 .3 NpE: 13+c 5 L L  41 D e;S C L  

FILTER PACK, BOTTOM (FT) 1 'g 
BACKFILL, TOP (FT): A TYPE: 

BACKFILL, BOlTOM (FT) 

SUMP, BO'ITOM (n): 

TOTAL DEPTH (FT): 1 . 5 
WLL BE MADE FROM 

?wy\ M/- q2z- 3rnh-J. 

DATE: _ _ _  c ~ p ~ B p & t  Cc+ - 



Form GT.6B (J.S. Department of Energy Rocky Flats Plant 
(Rev.* 

Groundwater MonitorinaWell and Piezometer Report O= 3 l 3 1 ~  

LOCATION CODE 'sq R & & & # ( 3 J ~ ~ N A M ~ % 3 ? A D / I ( b W ' f  ?;+a$- -pJq* - 6 1 2  
SCREENED FomwnoN. % . h - ~ ~ c ,  hr- DRILLING COFITRACTOR ' ' 1. ~~~/S=AL/ ,r 
DRILLING METHOD: C$&i 3rC + %L Y c L? 
RIGGKXOGIST:C)/M L% LoGGlNG GEOLOGIST: . d/ ih )C 
COMPLETED DEPTH (FQ. 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN): 

DATE DRILLED: Y z 3 1 q  e ' D A T E C O M W  s/ 
ESTIMATED DEPTH TO BEDROCK fFQ: 'j * 3 ' %'e 0 ' 

t .  7. 
DATEMEASURED: '$ 
DATEMEASURED: 5 

(moM GROUND SURFACE) 
:t: WA" f  OF FLUIDS LOST . INITIAL WATER LEVEL (IT): I 3 * 

DURING DRILLING (GAL). \/ COMPLRED WATER LEVEL (Fi)' De 
- - - - - - PROTECTIVE CASING. TOP (FQ. 0 ' 6 c /  

SURFACE CASING (STICKUP). TOP (FQ- 0 $' 
SURFACE CASING. I D. (IN): 3/1, p/pE: '-?Lit 5&  l+D N 

SURFACESEALTOP(FQ TYPE: 

PROTECTIVE CASING. 1.D (IN) 
T ? O ) @ w .  I 5- " TYPE: ?;c 5& b 

1 
PROTECTIVE CASING. BOTTOM (IT) i 

SECONDARY CASING. TOP (IT): 4 BOTTOM (m: 
APPLICABLE 

SECONDARY CASING. I D (IN): G A  PIpE. 

BOTTOM (FT): CENTRALIZER. 0 D. (IN) A TOP (FT). 

GROUT SEAL. TOP (Fi) 

BENTONITE SEAL TOP (m 

BENTONITE SEAL. BOlTOM (FT) 

FILTER PACK, TOP (FQ 

h; A- 
0 . t) 

'% ' ' 
FILTER PACK PIPE. "/+c 3.l / , i U -  sk> BRAND, -fW--LSz; 

SCREEN. TOP (FT): jr2.C' 

'a 
SURFACE CASING. BOFOM (FT) 

EEN. 1.0. (IN): '/4 '' 
SCREEN, BOTTOM(FQ ILf.y' TYPE ? V C  3ch '4 Q BRAND: 

- -  CoMPLmDBY: 

CHECKED BY 
I 

f 
FILTER PACK, BOlTOM (FT). 5- 

SUMP, BOTTOM (FT): 

TOTAL DEPTH (m: I b a c 
/ 5': 0 ' 

WILL BE MADE FROM 
GROUND SURFACE 



1,J.S. Department of Energy Rocky Fiats Plant Form GT.68 

INITIAL WATER LEVEL (FT): I?JJ 34' 365 . DATE MEASURED: 

COMPLETED WATER LEVEL (Fry  D e  y DATE MEASURED 
NA QUANTtm OF FLUIDS LOST 

DURING DRfLLtNG (GAL): 

- - - - - - PROTECTIVE CASING. TOP (m: 
SURFACE CASING (STICKUP), TOP (FT): 

SURFACE CASING, 1.0. (IN): 

SURFACE SEAL, Top (m: 0 c 
PROTECTIVE CASING. I.D. (IN): I ' 5 W e  

1 * ' 0 ' (FROM GROUND SURFACE) 
i 1 * 0 

SECONDARY CASING. TOP (m: 
SECONDAAY CASING. 1.0. (IN): 

APWCABLE 

CENTRALIZER. O.D. (IN): krR' 

BENTONITE SEAL. TOP (m- .z 
BENTONITE SEAL, BOTTOM (FT): 7, ' 
FILTER PACK. TOP (FQ: 

1 cy40 < /(*c cL si..\ c' s w D :  FILTER PACK VPE: cs5 

3/4 // 

- 
SURFACE CASING. BOTTOM (m, SCREEN. TOP (FT): 4- Ci 
SCREEN SLOT SIZE (.ooO IN). . p! SCREEN. 1.0. (IN): 

SCREEN. BOTTOM (IT): 1 3 .6  13-c d - ~  '' B W D :  

SUMP,TOP(FT): 14.5 p / p ~ ~ . f ~ -  q @  

FILTER PACK, BOTTOM (m. 

EACKFILL BOTTOM (FT): r?- 
SUMP, BO?TOM (m: 
TOTAL DEPTH (m: 

WILL BE MADE FROM 
GROUND SURFACE 



1J.S. Dapartment of Energy Rocky Ffats Plant FOm\ GT.66 
(Rev.# 

Groundwater Monitoring Weil and Piezometer Report uRR 3j3J14Lc 

LCCAVON CODE: c30457 ?? 
SCREENED KxIMAT1oN: - d h 2  mz . 
DRILLING METHOD. M DATE D R I E D :  w! '?h 
RIG GEOLOGIm LOGGING GEOLCGIST: 
COMPLETED DEPTH (FT): ' '/ ESTIMATED DEPTH TO BEDROCK (m: 9- Y 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 2 C= ' j  

~ R O J ~ N A M E % ~ ? ~ ~ & ~ ~ ' s  ?/7 pU?& pRoGRAM a - gx 
DRIWNG cornmod. L) u rUELL5JIL t ( 7 C  orr' 

INITIAL WATER LEVEL (FT): De'/ 
COMPLRED WATER LEVEL (FQ. DPV 
PROTECTIVE CASING. TOP (m: & (FROM GROUND SURFACE) 

SURFACE CASING (STICKUP). TOP (FT): 

DATE MMURED: 
AM QUANTITY OF FLUIDS LOST 

DURING DRILLING (GAL): 

- - - -  
' *q ' 

TYPE: 

314 // SURFACE CASING. I.D. (1N): 

SURFACE SEAL. TOP (Ff): 

PROTECTIVE CASING, I.D. (IN): 

PROTECTlVE CASING. BOTrOM (FT): 

' 

Type TvL- s d d o  1. 5- " 

1.1 ' 
SECONDARY CASING. TOP (Ff): lJ9'% BOTTOM(FT): 

SECONDARY CASING, I.D. (IN): 
APWCABLE 

TYPE: 

BOTTOM (FT): CENTRALIZER. O.D. (IN): M4 TOP (IT): 

GROUT SEAL. TOP (FT): TYPE: 

TYPE: BENTONITE SEAL. TOP !FT)- 

BENTONITE SEAL BOTTOM ( k n :  Li ' c ' 
. 

FlLTERPACK,TOP(FT): 9 @ 

Q 

SURFACE CASING. BOTTOM (FT): 1 e '4 ' SCREEN, TOP (m: I @4 

FILTER PACK, BOTTOM (FT) z c  . 

BACKFILL. TOP (FT): TYPE 

BACKFILL BOTTOM (FT) rJf+ 
SUMP, BOTTOM (FT): ?27 - 4 
TOTAL DEPTH (n): zo ' I ALL MEASUREMEIJrS 

WlLL BE MADE FROM I GROUND SURFACE 



1,J.S. Department of Energy Rocky Flats Plant Form GT.6B 

G ro u n dwi !R 313 Isy. 

BOREHOLE DIAMETER IN SCREENED INTERVAL (IN): z .c  'J 

- - - -  - - - - - - PROTECTWECASING. TOP (FT): 

SURFACE CASING (STICKUP). TOP (FF): . i/' ' 
i 1 C ' (FROM GROUND SURFACa - 

3 2  5& qb SURFACE CASING, 1.0. (IN): m 3'v " - - - -  
SURFACE SEAL. TOP (IT) b? TYPE 

PROTECTfVE CASING, I.D. (IN) /.; rfpE %L rcl? . $0 

1 4  0' PROTECTIVE CASING. BOTTOM (FT) 

IF SECONDARY CASING. TOP (m: fi S O T O M  (FT): 
APWCABLE 

SECONDARY CASING. I.D. (IN): fi TYPE: 
n 

BOTTOM (FT) CENTRALIZER. O.D. (IN) ft 'OP (FT) 

GROUT SEAL. TOP (FT) A M  TYPE 

BENTONITE SEAL. TOP (F.r) c . 
BENTONITE SEAL, BOTTOM (n) 12 , z  

- - - -  

- - - -  
SURFACE CASING, BOlTOM (FT) I 3 I-. SCREEN. TOP (m. 15 d- --"i"- 

I ,  

r- 
GROUND SURFACE. 

SUMP. BOTTOM (FTj. A 
TOTAL DEPTH (FT). 



- . . . . .-_ ...-I 

1J.S. Department of Energy Rocky Fiats Plant F o ~  GT.68 

DATEMEASURED: 

DATEMEASURED: 

QUANnlY OF FLUIDS LOST 
DURING DRILLING (GAL): N 

INITIAL WATER LEVEL (FQ: 

COMPLETED WATER LEVEL (m vw 
- - - - - - PROTECTIVE CASING. TOP (m: c * 

SURFACE CASING (STICKUP). TOP (FT): 

13 4b 3 

0 
(m0M GROUND SURFACE) 

c -9 c ' 
. .  

SURFACE CASING. I.D. (IN): TypE: t'K. ->A, 0 

TypE -. SCL ' ./a 
SURFACE SEAL. TOP (FT): 0 * c 

PROTECTIVE CASING, 1.0. (IN): 

TypE: Sat;;bra%% w&=T*(_ 
[&--I 1 

PROTECTIVE CASING. BOlTOM (m: .L, 
SECONDARY CASING. TOP (m: .A BOTTOM (FT): 

SECONDARY CASING. I.D. (IN): 
APWCABLE 

CENTRALIZER. O.D. (IN): Nk T O P ( V :  BOTTOM (FT): 

TYPE- 

GROUT SEAL, TOP (FT): TYPE 

BENTONITE SEAL. TOP (FT)- a * 

rf 
\ LJ uh' 

- -++s (LL: /- 

BENTONlTESEAL,BOlTOM(m: 7. ' . 

FILTER PACK, TOP (FT): 

FILTER PACKNPE: kb/30 5- BRAND: c3 5. 

-7. 7 ' 
\ 

/ 
SURFACE CASING. BOlTOM F l 7 :  9.) ' SCREEN, TOP (m: q -  ' 

DATE: 

CHECKED BY %Ah\ 4 RAJFb, * / .  J DATE: 

I 

SCREEN SLOT SIZE (.OOO IN): ' '' ' SCREEN, I.D. (IN): 7 4  /' 

BACKFILL. TOP (q: TYPE 

BACKFILL. BOTTOM (FT) A-)+ 



1J.S. Dapartrnent of Energy Rocky flats Plant Fom GT.66 

QUAMlTY OF FLUIDS LOST INITIAL WATER L N E L  (m: m‘ DATE MV\SURD: ‘//:/T 13 
DATEMEASURED: 3; e$ (GAL): 

COMPLETED WATER LD/EL ( ~ .  5 ) L y  
- - - - - - PROTECTIVE CASING, TOP (7: 1 0 ’ (FROM GROUND SURFACE3 

SURFACE CASING (STICKUP), TOP (FT): 1.0’ 

SURFACE CASING, I.D. (IN): 3/./ ” TYPE - y Y t  5 A 4 D  

PROTECTIVE CASING, 1.0. (IN): I ” Type P\CZ SLh qo 
SURFACE SEAL TOP (Ff): W E  hh/LLkCs ’ * 
PROTECTWE CASING. BOITOM (FT): ) .  o /  

IF SECONDARY CASING. TOP (FT): N A  BOTTOM (FT): 
APWCABLE 

SECONOARY CASING. 1.0. (IN): TYPE: - 
BOTTOM (FT): 

fd A 

CENTRALIZER. O.D. (IN): h) A TOP (FT): 

GROUT S-L TOP (FT): h)A TYPE 
r 

BENTONITE SEAL. TOP (FT) 0. 

BENTONITE SEAL. BOlTOM (m 

FILTER PACK, TOP (FT): 1 * I 

I ’ * I 

FlLTERPACKmPE: < / / I ; &  BRAND: c55 

R W S :  el >;s/lrCrb 
I // 

DATE? 
d 

- - -  C C M P L E l T D B Y ~ ~ &  lek 
CHECW BY: 

b 

/ 

SURFACE CASING, BOSTOM fm tl.1 ’ SCREEN, TOP 1FT): A * 1 

- SCREEN SLOT SIZE ( OOO IN) 0 * 0 , 3/y SCREEN. I.D. (IN): 

FILTER PACK. BOTTOM (m 1 b I ’ 

BACKFILL. TOP (FT). U3A NPE: 

BACKFILL, BOTTOM (Fi? L, 
/ 

SUMP. BOTTOM (FT) I(-?‘ I 
I GROUNDSURFACE I 

TOTAL DEPTH (m: [p I / 



V.S. Dapartment of Energy Rocky Flats Plant Form GT.68 
(Rev.# 

Groundwater Monitoring Wet1 and Piezometer Report 

RIGGKXOGIST: ” 4 /m Cnk LOGGING GEOLOGIST: rh & cc-u 

oRR 3j3W 

P R O J ~ M & E ~  QfiD/XYfiB‘>?flP& ~ROGRAM p i ] 4  -Err 
~EIUJNG CONTRACTOR ’ LK~*% L 7 Ir L ~ ~ ~ P O R . R T ~ ~ L J  

DRILLING MEMOD: c?L, FdX DATE DRILLED: If! !q 8 DATECOMPLRED- 9 If I 

COMPLETED DEPTH (FT): fa - c ‘ ESTIMAJED DEPTH TO BEDROCK (FT): q* 

INITIAL WATER LEVEL (FT) .-. DATE MEASURED: 

DATEMEASURED: 

BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 

QUANTITY OF FLUIDS LOST 
DURING DRILLING (GAL): 

* 

COMPLETED WATER LEVEL (IT) Fy A 
/ 

i 4 c 
- - - -  - - - - - - PROTECTIVE CASING, TOP (FQ: 1 0 (FROM GROUND SURFACE) - - - -‘m 

/ 
SURFACE CASING (STICKUP). TOP (FT): 

BACKFILL, BOTTOM (IT). 17, 1 ‘ 
SUMP, BOTTOM (m: 1C.C ’ I A U  MEASUREMENTS I WILL BE MADE FROM 

GROUND SURFACE. / 
TOTAL DEPTH (IT): 12 I I 
REMAFO<S: 527% b#+ul- 

U 



QUANTIN OF FLUIDS LOST INITIAL WATER LEVEL (m ney DATE MEASURED '!/:/f,yq9 
DATE MEASURED 2' DRILUNG (GAL). & COMPLETED WATER LEVEL (m D&Y 

- - - -  - - - - - - PROTECTIVE CASING. TOP (FT) -&%& (FROM GROUND SURFKE) - 
SURFACE CASING (STICKUP), TOP (FT) -. 

SURFACE CASING, 1 D (IN) 31q " TYPE: ' j Y f .  S ' A ' 4 D  - - - -  
.52i&, 

* 'd 
SURFACE SEAL. TOP (m 0.0 

PROTECTIVE CASING. I D (IN) 1.5 " TYPE: PY-L SLh 40 
TYPE cy&&\ * h&. h,.s.d;r t,.y 

c', -3d PROTECTIVE CASING. BOTOM (IT 

IF SECONDARY CASING. TOP (IT): BOlTOhd (FT): 
APWCABLE 

SECONDWY CASING. I D. (IN): fd A TM'E:, 

CENTRALIZER. 0 0. (IN) P-J 6 TO? (FT). BOl7OhA (FT): 

J 

BENTONITE SEAL. EOlTOM ( F T .  ' 6 . 4 /  

SURFACE CASING. BOlTOM (FT) 3 ' ' SCREEN. Top (IT): - 7.4 ' 

TOTAL DEPTH (FT): i2 .q - r  

ALL MEASUREMENTS 
WILL BE MADE FROM 



1,J.S. Dapartrnent of Energy Rocky Fiats Plant 

Groundwater Monitoring Well and Piezome 
LOCATION CODE 0 I 14E 
SCREENED m n m :  wi 6 / L-L.  DRILLING CONTRACTOR: ' 7 / B 
DRILLING METHOD: 6-9- DATE DRILLED: 
RlG GECCOGIST: LOGGING GKXOGIST: 
COMPLETED DEPTH (FQ: 'zl2 . 'h ESTIMATED DEPTH TO BEDROCK (FT). 19 8 

P R ~ E C T W E ~ ~  b 3  P ~ ~ O ~ R Y A I Q ~ ~  PK 

BOREHOLE DIAMETER IN SCREENED INTERVAL (IN): 7 , . 0 r *  I D  

OUAhmTY OF FLUIDS LOST - INITIAL WATER LEVEL (IT): m y  DATE MEASURED: 
'"'ING (GAL): 

COMPLETED WATER LWEL (FT) t%v DATE MEASURED: 

IF SECONDARY CASING. TOP (FQ: BOTTOM (m; 
AP WCABLE 

SECONDARY CASING. 1.0. (IN): 7'd -A TYPE: 

CENTRALIZER. O.D. (IN): 6 TOP (FT): BOTTOM (m: 
GROUT SEAL, TOP (FT). fSfi m 
BENTONITE SEAL. TOP (m 3 ' 
BENTONITE SEAL BOTTOM (FT) 9 '5 hfw WPMED 

FlLTERPACK,TOP(IT): ' 3 
FILMPACKTYPE: ''140 ~ ' / / ~ ~ &  BRAND: css 
SURFACE CASING. BOTTOM (Fi7 0 '4 SCREEN.TOP(FT): i o  
SCREEN SLOT SIZE (.ooO IN) SCREEN. I.D. (IN): 

SCREEN. BOlTOM (FT) BRAND: 
* z D - ' L  % YB 

FILTER PACK, BOTTOM (FT) -ad- 
BACKFILL. TOP (n) Ab4 NPE. 

BACKFILL, BOTTOM (FT) ft 
SUMP, BOTTOM (FQ 

TOTAL DEPTH (FT) 4 
WILL BE MADE FROM 
GROUND SURFACE. 

R m s .  ,Tuz wJi +b 011'WA 



1.J.S. Dapartment of Energy Rocky Flats Plant Form GT.68 
(Rev.# 

Groundwater Monitoring Well and Piezometer Report 
LOCATlON CODE: 
SCREENED m n m :  ~ 1 3 E  / L c LC . D R I ~ N G  ~ ~ C T O R .  TT / c r l ~ ~ r  V E ~ H  L . 
DRILLING MEIHOD: DATE DRILLED. ?/fl/q 8 DATE C0MP-D Y/ b/qS 
RIG GEOLOGIST. LOGGING GEOLOGIST 'a H.( CCl# 

COMPLETED DEPTH (FT). 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN). 

OUANTlN OF FLUIDS LOST . INITIAL WATER LEVEL (FT) 14 &? DATE MEASURED: d?/q e, 
DURING DRILLING (GAL). 

QRR 3j3r1qv 
0 I 7-7 R p~af~m WF tl D3 P40/&Wh ?IT PL& PROGRAM. . WU-EfL 

I 

I 

I 8  * 3 ESTIMATED DEPTH TO BEDROCK (R). 2'. '3 2 d" 

i3.9 I 
COMPLETED WATER LEVEL (FT) *a DATE MEASURED !/%I? 5 

(mm GROUND - - - - - - PROTECTIVE CASING. TOP (Fi) ) 3' 

?L__ SURFACE CASING (STICKUP), TOP (FT) I 8 0 ' 
SURFACE CASING, I D (IN) 31q " TYPE F?vz_ ' 'O 

SURFACE SEAL. TOP (Ff) D. C 

PROTECTIVE CASING, I D (IN) ' M>E PfL S L h  40 
PROTECTIVE CASING. BOTTOM (m 0 . 7  

yat. bk.  . &&> q+-2 
%5* 1 1 

L . L  
" 

L.4 G 

BOTTOM (FT): 

TYPE: 

SECONDARY CASING. TOP (FQ 4 
-i4 

APWCABLE 
SECONDARY CASING. I D (IN) 

CENTRAUZEA. 0 D (IN) hJ fi TOP (FT) B O T O M  (m 
GROUT SEAL, TOP (FT) !dfi TYPE 

BENTONITE SEAL TOP (FT) 3 rypE HE l3  6 E & T o h ; , 7 E  PLLC: 

BENTONITE SEAL. BOTTOM (m I 2 I 

FILTER PACK TYPE \ b / 4 ~  s!),'LK sa BRAND L J S  

Nm mons-rsa 

FILTER PACK, TOP (Fi-) I ' 
SURFACE CASING BOTOM rm 

SCREEN SLOT SIZE ( OOO IN) 

SCREEN, BOlTOM(Fi-) 18 * lYPETC Xh BRAND 

13 * 3 SCREEN TOP(FT) J 3 . 3  
' SCREEN I D (IN) c, 

SUMP TOP(FT) 6 1 1  W E T V L  %4l)+kh& LIbu? 

FILTER PACK. BOTTOM (FT) 1 3 
BACKFILL. TOP (fT) r\) 4 R P E  

BACKFILL, BOTTOM (FT) u 4  
ALL MEASUREMENTS 
WILL BE MADE FROM 

.~ GROUND SURFACE. 

SUMP, BOTTOM (FT) iB.3 

, 5 W P G O  eJ 

DATE. 

CHECKED BY: DATE. 



QUANTITY OF FLUIDS LOST INITIAL WATER LEVEL (m T % v  DATE MEASURED: 

- - - - - - PROTECTIVE CASING. TOP (FT) 

SURFACE CASING (STICKUP), TOP (FT) 

c -4 c' ( m a  GROUND SURFACE) 
P c *9 

SURFACE CASING, 1.D (IN). ' 7 Y C  5&4D 
c . c  SURFACE SEAL, TOP (FT) 

d 

PROTECTIVE CASING, I D (IN) ' W E  ?ft SLh 40 " 

PROTECTIVE CASING. BOTTOM (fT) c 532' 
BOTTOM (m- 
TMJE: 

BOlTOM (m. 

SECONDARY CASING TOP (IT) N A  
APWCABLE 

SECONDARY CASING I D (IN). 

CENTRALIZER, O.D. (IN) h) 6 TOP (FT) 

GROUT SEAL TOP (m Nfi TYPE 

BENTONITE SEAL. TOP (FT) 0 c ' 
BENTONITE SEAL BOTTOM (FT) 

FILTER PACK, TOP (m 

2 '5 ' 

FILTER PACK TYPE. '(PILCb S/ / r ;&  %- BRAND c35 

SURFACE CASING. BOTTOM (FT) 4. D SCREEN.TOP(FT) q ' o '  
SCREEN SLOT SIZE (OOO IN) c I SCREEN. I D (IN). 3/q " 

SCREEN.BOTTOM(Fr) 3.2 '  T V P E W C  fi yr3 BRAND. 

SUMP TOP(FT) 3-9 ' 
FILTER PACK BOTTOM (fT) 

BACKFILL. TOP (Ff) , 

01 * 
' 

BACKFILL, BOTTOM (FT) 1 C . W  

WILL BE MADE FROM SUMP, BOTTOM (m 
TOTALOEPTH (Ff) \ @  * I 1 

CHECKED BY: 



!I.S. Dapartment of Energy Rocky Flats Plant 

Groundwater Monitoring Well and Piezomet 
PROJECTM& a ' ~  p m I R y A d >  m 

DRILLING METHOD DATE DRILLED 

COMPLETED DEPTH (FT): 1 b ESTIMATSD DEPTH TO BEDROCK (R)' 6-q 

OUANTIV OF FLUIDS LOST INITIAL WATER LEVEL (Ff): Pcy DATEMEASURED: Lf I $8 
DURING DRILLING (GAL): NA 

LOGGING GEOLOGIST. I '  

BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 2,c ' 

COMPLETED WATER LEVEL (FI) 7* 3 
- - - - - - PROTECTIVE CASING, TOP (FT) 

SURFACE CASING (STICKUP). TOP (FT) 

DATE MEASURED. 

@ *Tc ' (FAOM GROUND SURFACE) 
/ 

@ *q 
SURFACE CASING. 1.0. (IN)' Kd TYPE: 'i>vt 5&4D 

"YsiprY 
PROTECTIVE CASING, I D (IN). ' " PIpE PfL S L k  40 
SURFACE SEAL. TOP (m - @ e TYPE: + dw 3-p . & r A ?  

e .SC'  
PROTECTIVE CASING. BOTTOM (m 

SECONDARY CASING. TOP (FT) BOlTOM (FT) 

TYPE 

BOlTOM (R). 

Nd 
APPLICABLE 

SECONDARY CASING I D (IN). Td 

CENTRALIZER. 0 0. (IN) r\lA TOP (Fi). 

GROUT SEAL. TOP (FT) Mfi TYPE 

BENTONITE SEAL, TOP (m 0 . C '  pIpE.6rw3jwG &*A> 
V s p y  '> 4.0' BENTONITE SEAL, BOTTOM (FT) 

FILTER PACK. TOP (m 4' 

0 

RLERPACKNPE ''140 s/)('Lk * BRAND c5s 
5 . C '  SCREEN TOP(W 5 . c '  SURFACE CASING. BOTTOM (VI 

s/y [ /  
SCREEN SLOT SIZE ( OOO IN) 

SCREEN.BOTTOM(FT) ,* TYPEWC % BRAND. 

c . 0 1 @ SCREEN, I D (IN) 

TYPE.?VL 

BACKFILL. TOP (FT) I 0 * @ I TYPE '3eKbL.i I L L  ckL7 rT 

+L-GSI L\ . a La3 

FILTER PACK, BOT~OM (m I c + 

I ,I q D W E  2 
BACKFILL.BOlTOM(F77 l o  . 

TOTAL DEPTH (Fi) '3 . I ' 

SUMP, BOlTOM (FT) .- 
ALL MEASLJREMWS 
WILL BE MADE FROM E I l  GROUND SURFACE 

. 5ld- &/ Pat& 

DATE. 

0 
CHECKED BY 

1 



0.S. Department of Energy Rocky Flats Plant Form GT.6B 
(Rev.H 

Groundwater Monitoring Well and Piezometer Report 
SCREENEDFOFUMIEN CcLI-*v#*rk DRlUJNG-CTOR I7 / dKJIL'~~5 A L  

ORR ~ J ' J I W  
LOWTIONCODE C l S  r 1  R PROJECT 8 3  Prto,/~Y..~') pff p d  PROGRAM i!.S -E R, 

DRlWNG METHOD +robe 
RIG GECXOSIST 
COMPLRFO DEPTH (FT): I C  - 2 ESTIMATED DEPTH TO BEDROCK (!T) 7 .  e 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 

QUANTITY OF FLUIDS LOST 
DURING DRILLING (GAL). 6 

DATE C O M P ~ D ~ / /  DATE DRILLED. &- L/ 171 9 I? 
T a m e  

- 
I d  iT LOGGINGGEOLCGIST c\ / & 

'Z * 0 '/ 

DATE MEASURED INITIAL WATER LEVEL (FF) - 

- - - - - - PROTECTIVE CASING TOP (FT) 0~ 
SURFACE CASING (STICKUP). TOP (m 
SURFACE CASING, I D (IN) 

SURFACE SEAL. TOP (FQ c' ~ 0 

(FROM GROUND SURFACQ 

e* '1 

PROTECTlVE CASING. I D (IN) P/PE Pfz SLL\ 40 
" 

PROTECTIVE CASING. BOlTOM (tT) 0 .YO 

SECONDARY CASING TOP (fT) 

SECONDARY CASING 1 D (IN) 

hJ 4 

fd i4 
APWCABLE 

CENTRALIZER 0 D (IN) h) 6 TOP (FT) 

GROLfT SEAL. TOP (fT) Nfi 

BENTONITE SEAL BOTTOM (FQ 3 2, 

FILTER PACK. TOP (fT) 2 2  

COMPLETED BY ' 

'I 
SCREEN SLOT SIZE (.OOO IN). (r, ' SCREEN. 1.0. (IN): 3/4 

FILTER PACK. BOTOM [m 

BACKFILL. TOP (FT). % . 2  TYPE: 

BACKFILL. BOlTOM (FT) 1 - 'A 
SUMP.BOTTOM(FT) sf 2 
TOTAL DEPTH (FT) i 0.  L 

A U  MEASUREMENTS 
WILL BE MADE FROM 

R M S .  



0.S. Department of Energy Rocky Flats Plant FOm GT.68 
(Rev.$ 

Groundwater Monitoring Well and Piezometer Report 
LOcATlON CODE 0 I b 'I @ ~RQJET NAME9 a3 w o l a m ~ ~  FV PA FKGRW 
SCREENED m n o N  L~~~ I / ~ o r ~ .  ORIWNGCOK~RACTOR 17.l QNjVdf51Z-S Y)L 
DRIUNG Mm(0D. +o k 

COMPLETED DEPTH (FT) Ib -z ESTIMATED DEPTH TO BEDROCK (R) '5 7 

o R R  3 ~ 4 %  

LS -E rc 

DATE DRILLED 91.~1 I4  9 DATE c m - D q l a  19 g 
RIG GKXOGIST. ..d& L;* LOGGING GEOLOGIST i!+r %- 0 ( 

BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 2 '' 
QUPJ\CTIR OF FLUIDS LOST INITIAL WATER LEVEL (Ff) I s b *  
DURING DRILLING (GAL) L3 

COMPETED WATER  LEVEL^ 14. b 7 DATE MEASURED. 5-t- Y,' 
- - - -  - - - - - - PROTECTWE CASING TOP (FT) I ' (FROM GROUND SURFACE) 

- - - -*m- ?L__ SURFACE CASING (STICKUP) TOP (n) I I C  

CHECKED ay. DATE. 



US. Department of Energy Rocky Flats Plant F O W  GT.66 
(Rev# 

Groundwater Monitoring Well and Piezometer Report 
SCREENED K>RMATION: DRILLING CONTRACTOR: 17 -1 v6Es A L  

RIG GEOLOGIST: - I  Lhh &k LOGGING GEOLOGIST: r 3/- I L ~ X  1 1 -  

aum-rtn OF ~ U I D S  LOST 

oRR 3 l 3 ~  

LOCATION CODE: 0 i'? e PRQJETNmE4 63  P d ~ Y m ' ~  PnPuRk p R o G w  % f.lj -e R, 

DRILLING METHOO: - 0 . L  DATE DRILLED: y!J 1 /? DATE C o M p m ~  q]& / 4 E 

COMPLETED DEPTH (IT): K a  ESTIMATED DEPTH TO BEDROCK (FT): 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN): '2. C /' 

INITIAL WATER LEVEL (FT): 

COMPLETED WATER LEVEL (FT). 

PROTECTIVE CASING. TOP (FT): 

SURFACE CASING (STICKUP). TOP (FT): 

9 tL" DATE MEASURED v/72-(7 5 
'7 8 59 a5 - DATE MEASURED: 

t? *'/ 
9 24' 56 c DURING DRILLING (GAL): 

- - - - - - (FROM GROUND SURFACE) 

SURFACE CASING. 1.0. (IN): -.j+r_ 5-tlr, 4 D 

TY-t 3Lh 40 
SURFACE SEAL. TOP (m: TYPE 

PROTECTIVE CASING. 1.0. (IN): TYPE . " 

PROTECTIVE CASING. BOTTOM ( fT) 

- 

IF SECONDARY CASING, TOP (R) N A  BOTTOM (FT) 
APWCABLE 

SECONDARY CASING. I 0. (IN): m 
BOTTOM (R): CENlRALIZER. O.D. (IN): hl 6 TOP (FT): 

BENTONITE SEAL. BOTTOM (q c3 

3 .  c, 
SURFACE CASING. GOTTOM (FT) 3 c3 SCREEN. TOP (FT): 

' I  
SCREEN SLOT SIZE (OOO IN) r? 8 I 0 SCREEN. I D (IN). 3/4 

FILTER PACK. BOlTOM (m % ' 0 
BACKFILL. TOP In) 6 4. TYPE. 

BACKFILL. BOTTOM (FT, h) 4- 

SUMP. BOlTOtJ (Fi) 0 
TOTAL DEPTH (FT) 

ALL MEASUREMENTS 

GROUND SURFACE. 
WILL BE MADE FROr.1 . 

CHECKED EY DATE. 



U.S. Department of Energy Rocky Fiats Plant Form GT.68 

OATEMWURED 4i/2; $5 -&- QUANTITY OF R U l D S  LOST . INITIAL WATER LEVEL (m: .;jgv 
DURING DRILLING (GAL): 2 

COMPLETED WATER LEVEL (R)- DG ‘1 DATE MEASURED: 

PROTECTIVE CASING. TO? (m 

SURFACE CASlNG (STICKUP). TOP (m: c’ .? c 
- - - - - - ’ 

(FROM GROUND SURFACE) 

SURFACE CASING, 1.0. (IN): ’ Y Y L  s;‘tLL4D 

SURFACE SEAL. TOP (fT). WE: 

PROTECTIVE CASING, I.D. (IN): . ’ ” T/PE s L L \  40 
PROTECTIVE CASING. B O T T M  (FT) 

IF 
APPLICABLE 

SECONDARY CASING. TOP (FT): 

SECONDARY CASING. I D. (IN). 

BOTTOM (FT) 

TypE 

4 
A 

’ 1  
SCREEN SLOT SIZE (OOO IN1 ch 0 SCREEN I C (IN) ’/4 

SCREEN BOTTOMIF;) f! 0 TYPE -ti 3 % -J3 

SUMP TW(rTT1 %. c, npE ~ V L  wh 4 tJ L L ~  LA 3 

FILTER PACK BOTOM (m % 2 
ZACKrILL TOP (FT) TYPE tq . 

WILL BE MADE FROM 
GROUND SURFACE 

SUMP BOTTOM(i7) 2 
SACKFILL. BOTTOM (FT) 4 

TOTAL DEPTH (CT)  % * 2 
SFMARKS 

DATE - - C 3 J P L E D B Y  



1.J.S. Department of Energy Rocky Flats Plant F O m  GT.6B 
(Rev.% 

Groundwater Monitoring Well and Piezometer Report oRR 3 j 3 ~  

LOCATlON CODE 
SCREENED FownoN w 66 /LOLL * DRILLING CONIRACTOR. ’ 17 ./ d~ P)L I 

DRILLING METHOD: +WOL DATE DRILLED. I . r, DATE COMP-D. y,‘,?. 3 

0 fi 9 8 P R O J E C T ~ E ~  a 3  P ~ o / ~ Y & ~  PRPUNE PROGRAM PM L’T -e 

RIG GKXOGIST .k+& (a*  LOGGING GEOLOGIST 
COMPLETED DEPTH (Fr) 34- 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 

DURING DRILLING (GAL) 3 

I ,  

ESTIMATED DEPTH TO BEDROCK (m 2- ‘? ‘2 C ’’ 
. #  OUANTITf OF FLUIDS LOST INITIAL WATER LEVEL (FT) (C 

COMPLETED WATER LEVEL (R) 2 -’ 2-5 
PROTECTIVE CASING. TOP (FT) 

SURFACE CASING (STICKUP) TOP (m 

SURFACE CASING. I D (IN) 

DATE MEASURED. 

(moM GROUND S U R F A C ~  - - - - - - I 

I * 

W E  

PROTECTIVE CASING. I 0 (IN) ’ W E  Q f L  S L k  40 ” 

PROTECTIVE CASING BOTTOM (Fq 

BOTTOM (n) SECONDARY CASING TOP (Fi) Nd 
APPLICABLE 

SECONDARY CASING I 0 (IN). A TYPE. 

CENTRALIZER. 0 D (IN) hl 6 TOP (FT) BOlTOM (n) 

GROLJT SEAL. TOP (fT) f l f i  TYPE 

BENTONITE SEAL TOP (Fr) 0 ‘ 0 TYPE hT~-n?\jl LL F % 

BENTONITE SEAL BOVOM (Fr) 

FILTER PACK, TOP (FT) 

FILTERPACKWPE ‘(@lqO s/lf’LLk %- BRAND Lss 
SURFACE CASING, BOTTOM (Fi) 

SCREEN SLOT SIZE (OOO IN) r? ’ c I 0 

I 

SCREEN TOP (fT) 
‘/ 

SCREEN I D (IN) 3/4 

SCREEN BOlTOM(f77 q3 W E T V i  % qg BRAND 

SUMP TOP(FT) 3 NPE -7>vL % qL, + b A h  f-0.F 
FILTER PACK BOTTOM (n7 

BACKFILL TOP (FT) NPE H E D  BPQT rfcL’c> , 

BACKFILL. BOVOM (m 

WILL BE MADE FROM 
GROUND SURFACE. 

c 

SUMP BOTTOM (FT) e 4’ 

DATE 

CHECKED BY DATE. 



U.S. Department of Energy Rocky Flats Plant Fom GT.68 
(Rev.% Groundwater Monitoring Well and Piezometer Report ORR 3J3r'qy 

P ~ ~ T N ~ E C S B S  ~ C i o j R ~ ~ d ~ ~ ~ p ~  m P M L S  -EK 
DRILUNGCONTFWCTOR 17,/ o ~ a i F ? - 5  F+L J i  

DATEDRILLED 2- !e '? DATE COMPLETED /(i 6 
RIG GECLCGlST 9 LOGGING GEOLOGIST 4 fw , 
COMPLETED DEPTH (m 4,/7 
DRILLING MmfOD. +pk I L, 

ESTIMATED DEPTH TO BEDROCK (FT) 3'' C' 

BOREHOE DIAMETER IN SCREENED INERVAL (IN) '2 C // 

OUANTJP/ OF FLUIDS LOST , j INITIAL WATER LEVEL (FT). ~ X V  
DURING DRILLING (GAL): 

DATE MEASURED: q$ii,7;fi 
DATE MU\SURED: COMPLETED WATER LEVEL (FT) D (L \/ 

L( .fJ - - - -  - - - - - - PROTECTIVE CASING, TOP (FT). c? ( F R M  GROUND SURFACQ 

- - - -'m SURFACE CASING (STICKUP). TOP (fT) .q 
'-3y-i 5-tL, q D 

PROTECTIVE CASING, 1.0. (IN). I TYPE PfL S L h  49 

SURFACE CASING. 1.0. (IN): 31q " PIPE: I 

SURFACE SEAL, TOP (FT): W E  
I ,  

PROTECTIVE CASING, BOlTOM (FT) 

SECONDARY CASING. TOP (FT): Nd BOTTOM (FT) 
APWCABLE 

SECONDAAY CASING. I D. (IN): TYPE: 

BOlTOM (FQ. CENTRALIZER. O.D. (IN)- fd fl TOP (FT): 

GROUT SEAL, TOP (FT) Nfi TYPE 

BENTONITE SEAL. TOP ( f 7 j  0 TYPE 4 r L L f l & c \ C  -&' u-4- 

.r, &jj,-&.2 G/ 5puJ 
BENTONITE SEAL, BOTrOM (m 

FILTER PACK, TOP (FT) z 0 

FILTER PACKTYPE: G/ k -a BRAND. c.55 

SURFACE CASING. BOlTOM (m. SCREEN. TOP frT): '7 z 9 

SCREEN SLOT SiZE ( OOO IN) r? 6 C' 

SCREEN. BOTTOM (Fi) 4 7. TYPE- 2% 9 r3 8RAND. 

/ /  
SCREEN. I D. (IN): 3/4 

SUMP, TOF (m q* 3 Y p E  ?'/c Xh i, * b h b  
FtCTER PACK, BOlTOM fFl7 9 
BACKFILL. TOP (FT) 4 . 9  NPE. G g D -  ?%or' ?L.L' 6 
EACKFILL. B O T O M  (FT) 

SUMP, BOTTOM (m 4 .4 
TOTALDEPTH(r7) / 

ALL MEASUREMENTS 
WILL BE MADE FROM E GROUND SURFACE. 

DATE: 515 /? 9 
CHECKE~ By: DATE: 5' //w 



WS. Department of Energy Rocky Flats Plant Form GT.6B 
(Rev.@ 

ma -E /7- 
Groundwater Monitoring Well and Piezometer Report oRR 3 J 3 ~  

LCCATlON CODE O z J  'f 8 

RIG GKXOGIST, * Lev LOGGJNG GEOLOGIST d( ' 0  )r - 
COMPLETED DEPTH (IT) 4 I 0 ESTIMATED DEPTH TO BEDROCK (IT) 41g 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 

O U A "  OF FLUIDS LOST INITIAL WATER LEVEL (frT) D G Y  DATE MEASURED 

COMPLETED WATER LEVEL (FT) 0 OAT€ MEASURED. 
DURING DRILLING (GAL) 

P R ~ E C T W ~ ~  83 P + l O / R y / I d ~  ?flPU.& 
DRIUJNGCONTRACTOR SCREENED FoRMAnoN: uj ~ R . / L  mL + 17 ! & o ~ ~ v ~ s L T  R9.L 

DRIUNG METHOO. r 0 L  DATE DRILLED. d / 1.7 49 9 DATE COMPLETED* 3 

'2. C '/ 

- - - -  - - - - - - PROTECTIVE CASING TOP (m @ 0 (FROM GROUND SURFACE) - - - -'m 
SURFACE CASING (STICKUP). TOP ( f 7 )  0 e '? 

- .  
CHECKED BY: DATE: s' / /  ?y 



1.J.S. Dapanment of Energy Rocky Frats Plant Form GT.66 

DATE MEASURED: 

DATE MEASURED 

QUANTlN OF FLUIDS LOST INITIAL WATER LEVEL (FQ: '1 
COMPLETED WATER LEVEL (FT). 0 l2 Y DURING DRILLING (GAL): 

I - - - -  
- - - -'m ?___ SURFACE CASING (STICKUP). TOP (FT): I * 

- - - - - - PROTECTIVE CASING, TOP (m: 1. D (FROM GROUND SURFACE) 



US. Department of Energy Rocky Fiats Plant Form GT.68 

2UANnN OF 'L INITIAL WATER LEVEL (FF). 3ATE MEASUEE3 

C3MPLSED WATER LEVEL (m. 3ATE MEASL'RED. 

"CiOTECTIVE CASING. TOP (m. x, imOM GROUND SURFACE) 

DURING DRIUNG "IDS (GAL): LGSv& 
- - - -  

'A 
SSRFACE CAStNG (STICKUP), TOP (m: a3 4-t- 

aPOTECTIVE CASING. 1.0. (IN): --&-.- W E  L C  ? u w(L 
' \  

WOTECTIVE CASING, BOTTOM (m: 1 3  7-f- 

IF SECONDARY CASING. TOP (FT): I"- 5 0 E O M  (m: 
I r r c  

TOP (FT): BOTTOM (m: CENTRALIZER. 0.0. (IN): i; q 

- 
SCREEN SLOT SIZE (.ooO IN): SCREEN, I.D. (IN). LJ ' I 1- '- 
I 

I k.$ , FILTER PACK, BOTTOM (m: 

I l l 7  

CHECKED BY. DATE: F5/0 



U.S. Department of Energy Rocky Flats Plant Form GT.68 
(Rev# 

Groundwater Monitoring Weil and Piezometer Reoort O =  3j3i’qY 

IF SECONDARY CASING, TOP (m: 3 0 r O M  (FT): 
APWCABCE 

BACKFILL. TOP (FT): w- 
BACKFILL. EOlTOM (FT): .-d ~ 

SUMP SOTrOM(FT): hs4 & 
TOTAL DEPTH (FT): 2 2= 

AUMEASUREMENlS 
W l U  BE MADE FROM 



US.  Department of Energy Rocky Flats Plant Form GT.68 

PAQJECT NAME 

DAIUING METHOD: 

COMPLEED DEFIH iFT): 1 ESTIMATED DEPTH TO BEDRCCK (m: 1 b- 5 
BOREHOLE DIAMRER IN SCREENED INEGVPL (IN) 2 
CjUANlTPl OF FLUIDS LOST ,IU!TIAL 'dATE3 LEVEL (Fi): DATE MEASURED: 

CC.VPL5ED WATER LEVEL (FT). DATE MEASL'EE3: 
WRING DRILLING (GAL): 

/ 

=ECTEZTIVE CASING. TOP (FT): 3 5 (ROM GROUND CURFACO 

S'c'RFACE CASING (STICKUP). TCP (m: 

- - - -  
5 - - - j I - - - - 

. 

SSFiFACE CASING. I.D. (IN): 

SL'FFKE SEAL TOP (FQ TYPE 

?CC,TECTIVE CASING. 1.0. (IN): 

?WTEC:TIVE CASING, BOlTOM (FT): L 
SECONDARY CASING. TOP (FT): -h-+T\- 3 0 T O M  (m: 

SECONDARY CASING. I.D. (IN): *.- APWCABLE 

GSOLT S E A L  TOP (Fr): '4 = TfPE 

SENTGNITE SEAL TOP (FT): 

SENTCNITE SEAL BOlTOM (FT): 

C'C-E? 3ACK. TOP ( f 7 ) :  

FiZR FACK TYPE BRAND: S: i G\ Sc- 
SUFFACE CASING, BOlTOM (FT): I cI SCREEN. TOP (n): IY 

SEXEN.  aOlTOM(F?): 'p/pE: 5 4  $2 

&le .'u J43 

SCZEEN SLOT SIZE (.OOO IN): r QIG SCREEN, 1.0. (IN): 2 4 
c;lepruk 

BRAND: 

SL'hf? TGP(FT): TYPE: 

FILTER PACK. BOTTOM (FT): 

BACKFILL. TOP (FT): 

BACKFILL. BOTTOM (q: 

SUMP. SOTTOM (FT): q?Jluz 

QTAL DEPTH (FT):& 

il ' * 
WILL BE MADE FROM 
GROUND SURFACE 

CHECKED 8Y DATE: 



U.S. Department of Energy Rocky Flats Plant Form GT.6B 

Groundwater Monitoring 
LOCATION COOE (3 ?q q 
SCREENED FoFlMATloN ALU~-/B~JM 'DR IUJNG CONTRACTOR 

DATE DFIILLED: . -x/lq/4 g DAIUlNGM€T"2 B - P w ~  4 i  2117- 
RIGGECCCGIST. 7: \M L a d k  '? \h LOGGING GEOLOGlST I t  

COMPLmDDEFTH(FT): I L  TED DEPTH TO BEDROCK (FT') 
' 

BOREHOLE DIAMETER IN SCREENED I " 3 V A L  (IN) '"yq 

(Rev.9 

o*02R 3J31'4q 
Groundwater Monitoring - - -  Well and Piezometer Report 

ATE COMP . -x/lq/4 g 
~ _ _ _ _ _  I t  W 

TED DEPTH TO BEDROCK (FT'): 
/AL (IN) --Tq 

I I h SURFACE CASING. I.D. (IN): 

. A  h.. L SURFACE SEAL TOP (FQ: v c/ T'Pc. 

DFIOTECTIVE CASING. 1.0. (IN): 2, V E  'Zl'scb 0 & 
i'ROECTIVE CASING, BOlTOM (7: 

;rr - 
IF SECONDARY CASING, TOP (FT) " I 3 0 T T O M  (FT) 
APWCABLE 

SECONDARY CASING. I D (IN). fl Lx R ;ypE - - -  
CENTRALIZER. 0.0 (IN). TOP (FT) BOTTCM (FT) 

520UTSEALTOP(FP, fl rypE 

SENTONITE SEAL  TOP (FT) 0 W E  5, E C I r  #? - - BENTONITE SEAL BOTTOM (q I 0 

- - - -  

I t - -  
F!LTE? PACK. TOP (FP,: 1 V  

SURFACE CASING, 80TTOM (FT) I ' SCREEN. TOP (FT). \ [  

SCREEN 807TOM (R): iL TypEl.$b S D  
SCREEN SLOT SIZE (.ooO IN). I SCREEN. 1.D (IN) '/q 

m, 
=iiTER PACK. BOTTOM (m: L 
BACKFILL. TOP (FT): ;7 7"E 

BACKFILL. BOTJOM (m: b h  
SUMP BOlTOM (m: 
TOTAL DEPTH (FT): 1, b I ALLMEASUREMENTS 

WlLL BE MADE FROM 
GROUND SURFACE 

DATE: 

CHECKED BY DATE. $3 



T > i q  DATE MEASURED 2 auwrim OF FLUIDS LOST ~ INITIAL WATER LEVEL (m: 
COMPLETED WATER LEVEL (Fi-). sv DATE MEASURED: v/ 2 v/y 6 DURING DRILLING (GAL): C' 

- - _ -  _ _ _ _ _ _  PROTECTlVECASING.TOP(FlJ: ' (FROM GROUND SURFACE) - - - -15- 
SURFACE CASING (STICKUP). TOP (R): I - c 
SURFACE CASING, I.D. (IN): 

SURFACE SEAL, TOP (m: WE: 

'jw- s t L , L - I D  

PROTECTIVE CASING. I.D. (IN): ' . ' " W E  5& 43 
PROTECTIVE CASING. 60lTOM (m. 

BOTTOM (Ff): SECONDARY CASING. TOP (m: Md 
APWCABLE 

SECONDARY CASING. I.D. (IN): 'PIPE: 

CENTRALIZER. 0.0. (IN): hl 6 TOP (FT): BOlTOM (m: 
GROUT SEAL. TOP (FT). Nfi m 
BENTONITE SEAL, TOP (FT). 0 .  r/ p/pE. Gin- . 

t 2 C' *p-+a 
BENTONITE SEAL. BOlTOM (Ff- 

FILTER PACK, TOP (FT): 

FILERPACKIYPE: ''/'!b & ) f ' c k  %a BRAND: css 
' 2 ,  i' 

SURFACE CASING, BOTTOM (FQ 3 . 9 SCREEN. TOP (m: 7 :  0 
'1 

SCREEN SLOT SIZE (.OOO IN). It! a I 0 SCREEN. 1.0. (IN): 3/Y 

SCREEN.BOTTOM(!Tj 7. 8 mE:?f i  & 4 9  BRAND: 

SUMP,TOP(Fi-: ' 7 '  $ wpE:?vL 5rh 4L) +Lhh b\s u? 
FILTER PACK. BOTTOM (m 9 
BACKFILL. TOP (FT) 9 3 I 

BACKFILL. BOTTOM (F77 

SUMP, BOTTOM (m. 

TOTAL DEPTH (FT). l o  ' 

TYPE: mm. *-AT. ?LL'4 
1 0 .  cl 

WILL BE MADE FROM 
GROUND SURFACE 

DATE. , , 

CHECKED BY: 



I.J.S. Department of Energy Rocky Flats Plant F o ~  GT.6B 
(Rev.* 

Groundwater o R R ~ ~ ~ ' ' ~ ~  mu -fc 
DRILLING CONTRACTOR ' 17 / dN1 A t  

DATE DRILLED. DATE COMPLETED 
LOGGING GEOLOGIST r-- LQ!C 

LOCATION CODE. 0 32"/ 6 
DRILLING METHOD. 
RIG GKXOGIST 

COMPLETED DEPTH (m 7 1.~1  ESTIMATED DEPTH TO BEDROCK (FT) 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN) 

OUANTlTf OF FLUIDS LOST . INITIAL WATER LEVEL (FT) DGy DATE MEASURED d23h f; 

SCREENED m n m .  

'2 C '/ 

DATE MEASURED ?;/ 
DRILUNG (GAL) 

COMPLETED WATER L N E L  (m c y  
- - - - - PROTECTIVE CASING, TOP (R): \ e (FROM GROUND SURFACE) 

?___, SURFACE CASING (STICKUP). TOP (FQ: I ' 
SURFACE CASING. 1.D. (IN): 3/Ljil -~'uZ_ 5 - c L 4 D  
SURFACE SEAL. TOP (FQ: TYPE 

PROTECTIVE CASING. I.D. (IN): . TypE Tft S L h  49 
" 

PROTECTWE CASING. BOTTOM (fT). 

BOTTOM (m: SECONDARY CASING. TOP (fT): MA 

A APWCABLE 
SECONDARY CASING. I.D. (IN): m 

CENTRALIZER. 0.0. (IN): r\l 6 TOP (FQ: BOl7OM (FT): 

GROUT SEAL. TOP (FT): r\)A m 
r 

-7 

BENTONITE SEAL. TOP (m. 0 . TYPE &--dLr bc\Jc- 

BENTONITE SEAL. BOTTOM (r7) 7 
FILTER PACK, TOP (FT). 

@y>'-dA 1y S?J'&4--) 

f lLERpACKnpE: 'b/q~ 3r1r'Lk -sa BRAND: css 
SURFACE CASING. a i )nOM (m. 2 3  SCREEN. TOP (Fr): 2 
SCREEN SLOT SIZE (.ooO IN). r", ' 0 SCREEN. 1.D. (IN): 3/4 

SCREEN.BOTTOM(q '7# 7- W E T c  5% LiD BRAND: 

SUMP. TOP (m. 

FILTER PACK. BOFOM [m 

/ /  

2-• 'f. ?- N Q E . 3 V L  9 4  Wk&';b L J U p  

-% 9 
*pE g.zkJ-7. ?LC: 6 Pj ED 

BACKFILL, BOTTOM (FT) 

SUMP, BOTTOM (R). 
A U  MEASUREMENTS 
WILL BE MADE FROM I GROUND SURFACE 

DATE: 

CHECKED BY: DATE: 



Form GT.68 
(Rev.# 

Report OM 3J3dqy 

DRILLING CONlRACTOR ' 17 / d)h)l &?-I r 
DRIUNG ME3l-iOD. +QD r - o !R- 

COMPLETED DEPTH (FT) 

DATECOMPLETED y//27 / $  f. 
c 

DATE DRILLED ?it7 !6 

pRoGRAM wa  -9c 
SCREENED FoRMATIm. 

RIG GMLOGIST. - ,-) b- fp (, LOGGING GEOLOGIST .k - 1 

i 3. c ESTIMATED DEPTH TO BEDROCK (n7 
BOREHOE DIAMETER IN SCREENED INTERVAL (IN) '2. C " 

DATEMEASURED: 12 '5 
DATEMEASURED: 5fz= 3 Z'' 5F 

OUANTllY OF RUlOS LOST . INITIAL WATER LEVEL (m: D e y  
(GAL): 

COMPLETED WATER LR/EL (m. Bps/ 
(mm GROUND SURFAC~ - - - - - - PROTECTIVECASING. TOP (m: 1 * 

SURFACE CASING (STICKUP). TOP (FT): 1.2 

SURFACE CASING. 1.0. (IN): 314 " PIPE: -?u-i 5-tL.- 4 D 

PROTECTIVE CASING, 1.0. (IN): I . WE: P\ct 5ch 43 
SURFACE SEAL, TOP (fT): TYPE 

" 

PROTECTIVE CASING. BOTTOM (FT): 

BOlTOM (m: SECONDARY CASING. TOP (n): MA 
& 

APWCABLE 
SECONDARY CASING. 1.0. (IN): TYPE- 

CENTRALIZER. 0.0. (IN)- fl fi TOP (FT): BOTTOM (FQ: 

GROUT SEAL. TOP (FT) Nh m 

BENTONITE SEAL. TOP (FT) 

BENTONITE SEAL. BOTTOM (FT). 

. TYPE- 
p&j2,-&7? '"/'+4J b '9 

FILTER PACK, TOP (FT) Ll t7 

FILERPACKTYPE: 'b/qn &) l ' L k  -%a BRAND: L55 
SURFACE CASiNG. BOTTOM (m: 9 ' 7 . 2  
SCREEN SLOT SIZE (.ooO IN). f? ' 0 3/4 / /  

SCREEN. TOP (FQ: 

SCREEN, 1.0. (IN): 

SCREEN. BOTTOM (m 1 2 14 TYF'E:TVL * BRAND. 

SUMP, TOP (m- I ,% WpE: T v L  y h  (Id + b h h  &a a 2 

FILTER PACK. BOTTOM (m i3.C 
BACKFILL. TOP (FT). , e  NPE: %,d, 716.;. P h .  

TOTAL DEPTH f r T )  3-L 

oM(FT'.3& I 
ALL MEASUREMENTS 
WILL BE MADE FROM a GROUND SURFACE 

SUMP. 60r;OM (FR 1'3. 

CHECKED BY. 
'la 



PROTECTIVE CASING BOTTOM (n) @ 

IF SECONDARY CASING TOP (m N A  
APWCABLE 

BOlTOM (FT) 

SECONDARY CASING I O  (IN) TYPE 

CENTRALIZER 0 D (IN) A. TOP (FT) BOTTOM (FT) 

GROUT SEAL, TOP (FT) TYPE 

BENTONITE SEAL TOP (FT) 0 0  plpE L)Iw- b$ 
hpcA3 cy5p-y 

BENTONITE SEAL 6OlTOM (n) .&~ 

FILTER PACK. TOP (IT) 

FILTERPACKTYPE ’blqo 3//f’L& l3X.AND c55 

c/ 

- q- 

SURFACE CASING, BOTTOM (n) SCREEN TOP (FT) 4.0 
SCREEN SLOT SIZE ( OOO IN) 0 / c’ SCREEN I D (IN) 3/rl f’ 
SCREEN, BOTTOM (FT) 5.e’ TypE%cJcL.\ Y o  BRAND 

SUMP TOP(FT) 5*& W E  -?VL x h  ~ I J  +h>b ut;’ 
FILTER PACK BOTTOM (m b l c  
BACKFILL. TOP (FT) pd N P E  

BACKFILL. BOTTOM (FT) c24 
& . G  

REMARKS 3 &e W d l  &h ci Me 
WILL BE MADE FROM 
GROUND SURFACE. 

SUMP, BOTTOM (FTJ 

TOTAL DEPTH (FT) ‘ 



U.S. Department of Energy Rocky Fiats Plant Form GT.68 

QUAMSTY OF FLUIDS LCST INITIAL WATEFl LEVEL (m: 5.30 DATE MWSUEED 
DURING DRILLING (GAL): b) II'? CCMPLETED WATER LEVEL (FT). 4.3 'f DATE MEGURED: 





FILTEFI PACK. BGTTOM (m: 7. 

BACKFILL. BOTTOM (F,: He.0 

TOTAL DEPTH (m: I k 4  
WlLLflE MADE FFlOM 
GROUND SURFACE 

SUMP, BOTTOM (Fl'): 1 q- @ k 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

I ,  

ALLMEASUREMENTS I WILL BE MADE FAOM 





. 

0UANTl-R OF RUJDS LOST 
DURING DRILLING (GAL): ;d ('9 INlTfAL WATER LNEL (FT): 4. Ld DATE MEASURED: 2 /7 19 8 

COMPLSED WATER LEVEL (FT): 4. b 7 DATE MEASURED iij / I  1 /q ,? 
PROTECTlVE CASING, TOP (FT): (FRO4 GROUND SURFACE) 

,J &T f SURFACE CASING (STICKUP), TOP (m: 0-co brlhjy 
SURFACE CASING, 1.D (IN): 0- TYPE: *do ptJc 

SURFACE SEAL. TOP (FT) .*- TYPE: C J d  c Lex- 

7c;z , ~ * t . J l i C L G  4kii2.T 
-ia 

PROTECTIVE CASING. 1 D (IN). 

PROTEC?lVE CASING, BOTTOM (F;) 

TYPE h 
i o  
4 . b' 

IF SECONDARY CASING. TOP im 0.4 30TTOM IFT) 
APWCABLE 

Type, SLLLfU? W C  2 . r ;  SECONDARY CASING. 1.13. (IN): 

CHECKED BY: DATE: 
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J.3. Seoarrnent at Znergy Ficcq ,Fiats ?!ant 

0 

I ,  

I 
i 

. I  

, I  

. 1  

. 1  

I 

I -  





- - - -- 
, '  

I 

I -  

-- - 
\ '  



'1.3. Zeoartnent of Energy Rocky Fiats Plant 
Form GT.53 
'Rev.A . . _  

\' 









I i  

\. . ' 

I 

e- -r----- - - 
I -  

\. . 



0 







, 

i . 1  I - :  

; -  



,i 

\. 
. I  

... J ., ~ I 
.. , 

. I  





- - - -  





- - - -  







E 

U 
m la 

L 

, 
I /  
i. 



/ 

I 



I-? 
i l  

b 
0 
b 

, ,  i: 
t i  





I 

- 
iI 
! 
! 

! 
! 
! 
! 

! 
! 

! 
I 
I 
i 
! 
! 
! 
j 

! 
I 

! 
\ 

i 



- 
- 
r 
! 
! 
! 
! 

! 
! 

I 



Q 
E 

i i ,  

a 



0 

a 
c 



E 
r 

/ 

I 
' i i -  

--.- 
I \ 

.... 

1 r- I 

I-__ 

r--- 
I 



i 
- 

I 

1 j i 
! ! 
I 

-.. ~ I i __-- 

/ / I  
i 
F I 

Cr) 
d- 
4- -7 

i 

r -' 
I 
1 

\ 

\\ 
I i 

i 
-----, 
I 

____.. J 

, 

/---.-----' 
! 

,' i 



b , M 

/ 

r- 

d- _- I 

-- 
CF) -I 
0 

rv 
0 
f- 

, 
I I 



, 
\ 
I $ 

I 
I 
I I 





i 



h 'I,< I 



aa 
3 
S 
Q1 

4 
I 

PE c 
C as 
0 

'\, 

\ 
\ 

8 
"I 
0 m 

m 
W (1 

F 0 
m 
P 
0 

n 
n e 

-7 
i i 

i 

m 
al 
F m 
Y 

p. 

Q 
m m 



___I__- ---- > 



I 

\, 

\\ 

g 
u" 



> 
Y 
0 
0 

K 

- 
~ 



+ 
r 
0 
0 
0 
N 

0 
0 
0 
F 

0 

0 
0 
m 

0 c 
0 

S 

.I 

L 

+ 
.I 

r" 
3 
0 
LL 
U 
S 
S 
0 
0) 
2 
0 m 

- 

L 

m 

e 

co 
Q) 

m 
4 

Q) 
E 
0 

L 

.I 

L 
L 

L 

$-r 

2 
0 

2 G 
a 
I 
n 
X 
W 

> 
m m 
S 
3 
0 
M 

L 

co 
a 
S 
0 
Q 
U 
S m 
v) 
a x 
(13 
J 

0) 
S 

0 

S 

.I 

L 

c.r 
.I 

s 
n 
n 
od 

U 
S m 
v) 
a 
0 c 
Q) 
LL 

- 
v) 

3 
0 
S 
0 
c) 

L 

c, 

c.r m 
LL 
- a, 

2 - 
I 
S 
0 
7 

e 

cn 
W m 
0 
K 

I 
0 

0 
0 

0 
I 

0 
0 

I I 

I 
~- 

I 
I 
I 
I 
I 
1 t 

1 
"- I 

I 
I 
I 

I 

I 

ar 

m CCI 

5. 
iv m I 

I 
I 

I 

I 
I 

t f 

I 4 i I 

, 

e- 

*, 
ll 
11 
II 
I 
I 
I 

' I  
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 1  
1 
I 
I 
I 
I 
I 

a 

t c 

I i 

3 

0 
%a 

- 1 I 

. I  

3 .  , 
7 

U T  

C 
0 
M 

", 

t -I 

I 
T + 



a, 

3 %  a, 
rn 
a, 
23 
L 

U a 
I 

a" 
v) 

a, 

m 
a 
a, 
L 
0 
U 
S m 
v) 
a, 
0 c 
a, 
LL 

L 

.- 
L 
L 

L 

cl 

to 
cl C 

0 
3 u  L 

I/) 0 
L h 

C 
0 

0 cl m U L 

S 0 m Q 

a, 

.- cl 

v) m 
0) > c a, 

M 
I 

L 
- Q  

Q 
" m 

v) 
U m 
0 

U 
L 

P 
3 

v) 
U m 
0 
L 

t: 
Q 
.- 

m 

0 
0 
CT 

4 



b 

a 

cn 
> 

+ 
.I 

c rc 

0 

L 

Q) c 
0 

0 

+ 
L 

v) 

a 

Iu 

Q) c 
0 
U 
C 
Iu 
v) 
a, 
0 
C 
a, 
LL 

L 

.I 

L 
L 

L 

.cI 

v) 
U 
S 
0 
Q 
c 
0 

a 
0 
Q m > 
Q) 

m 

.- 
c.r 
L 

L 

Q) 

. .  1 

40 m m 

I L 
' Q  

Q 
f' rn 

v) 
U m 
0 
L 

.- 
n 

L L  m o  
1 

L a 
0 - 
L 

> 
-Y 
0 
0 

i i  
I/ 
i /  
/ '  

/ I  
I /  

ii 
il 
i /  
I i  I/ 



Q) 
I 

m -  i 

c 
0 
.I 

1 a- 
v) 

a 
L -- I 

VJ 
U 
t 
0 
Q 
c 
0 
cll 
0 
Q m > a 
CIJ 

.I 

c1 

L 

L - 

L 
.I 

L 
L m 

E 
7 0 

E 
s 
.a 

0 
0 
0 

0 
0 

- 
I 

F 

0 
0 

0 

- 
I 

F 

0 
0 
0 
F 

A 
‘b 

I I I I I I 1\1 !46,000 
I h $ 

I I I I I I 1 

I 
I 

I 

\ 

\ ’  
3 

3 
3 

0 0 0 ’ 9 t l  N 



8 

cn 
C 
0 

m- 
U 

L 
a 
E 
0 

0 

c' 

L 

0) 
S 
.I 

L 

v) 
U v) 

.I 

S n 
S 
0 

S 

.- 
CI 
.I 

.I 

Y- 

in 
a c 
0 
a 
U 
S 
Iu 
v) 
a s 
113 
J 

c' c 
a, 
X 
w 
c.' 

i! 

Q) 
0 
C 

F L 
0 
't 
2 

0 
nl - L 

m > 
m 
TJ r: 
3 

L 
h, 
n a 

0 m c 
Iu 
.I 

L 

n 

c[3 > 
Q) 

eb 
0 
m 

L 

- 
I) 
F;rr 

L 

3 
0 
S 
+ 

L - -  

€E cur 
a 
E 
c) 
CIZ 

0 
075 
n 

w 
L 

L'Lt m o 3  
v, ., 0 5 

0 
C .- 
7 

S 0 m a 0 
c) n 

,~ i I 1  
/ '  

m . .  m 

I 1  

il 
/ I  

I 
I 

I 

I 

I 

f 

I 
I 

I 
I 

I 
I 

I 
I 

I 

i 

// 
" 

// 
,'/ 

I 

il 
If 

.'! :: 

,," \ \ /' 
\\ 

'h 

-- " 
4 

'4, 
\ \  

I/ 
/ 'I 

I I /  

A \' 

n. 3 0 3  
a J m J  

- mom 
CI zzz 

w 
tJ 

L 
c, 

-i 

I 

/ I  il 
li 

',\ I 
I 1  I 

i l  
il 

I / [  \\ 
' I  ! \I i I  

\ 

l l  ,I 

'.. 



<++KO n O r - r - y d  

-3m< t"7 0 ON- w 

2 7 m  m P 3 n J -  0 
3 r r t r t f f l r 7  rrrn 
<07510D1'- ID 

r n r  O 3 P  I I 
7305mm-h n + i  
57r3 I O 1 5 7 7  
-0 0 m 07 m r P  r 
3 m 7  r 3 r t o n n  
7 r t o o n  7755 
-'3m35 m o r r  
r l m r t r r  n m o o  
m 3 5 0 0  S r t 77  
m m 7 7  r 3 0 0  
IC10 o m m m  
m a m  73 r t r t  

m r t  r m 3 3  
5 a ma, 
m m 3 3  
3 rDm 
m 

3 a ma, 
m m 3 3  
3 m m  
m 

mmmmmmmmmmQ 00u000000u~ 
rrrrrrrrrr 

mmmwrnmmmmmo 
rrr rrrrrr 
000 ooooooru 

rnmmrummmmmmo 
rrr rrrrrr 
000 oooooow 

mmCDrUJmmDn3mQ 
oooLooouooo~ 
rrr rrrrrr 

7 m m  
rn 

b 
\\ 

\\ 
\' 

__. 

t m m m m m m m m m m ~  O O O O O O O O O U ~  

rrrrrrrrrr 

mmmmmmmmmmD 
rrr rrrrrr 
000 ooooooru 

mmmmmmmmmma 
oooooooooow 
rrrrrrrrrr 

m m m m m m m m m r n ~  
rrrrrrrrrr 
ououooooooL 

mmmmmmmmmmo 
rrrrrrrrrr 
00ooou0000r mmolmmmmma ouooooooc 

rrrrrrrrr 
Z Z Z Z Z Z Z Z Z Z Q  
cnmmmmmwmLncnc-- morumomnrumora  

r r m  r m  
0 0. (Do. - n m m m m o o m m m o  

50000. - r r r r m m r r r  . OOOP m c m m w m m o m m Q  
0. r m  0 r 00- r r m r r  00- 

~ ~ ~ ~ ~ m w r n a o m r n ~  
J0 0 00. our 
r r r r c n r r  

mwmmolmmmm~o 
rorrrrrrrr 
On00u0000Cr 
0 

Z Z L Z Z Z Z Z Z Z 3  
Lnmcncnmmcnmcnfflw 

nmmmmmmmmmo 
-rrrrrrrrr 
J000ouoo00r 

m m ~ w m m m m m m s  
00 rr ooooooru rrrrrr Z Z Z L Z Z Z Z Z Z Q  

m 03 Ln L7 m m cn cn u1 cn ru 
Z Z Z Z Z Z Z Z Z Z D  
mmulmmmlnmmulm 

mmmmmmrnma 
ouuoooooc rrrrrrrrr mwwrummmwmm~ 

0 0 00 oorc 
r rr rr 

m + o m m m m m m m ~  
r m r r r r r r r  
0 - ooo0ooors mmmmmmmmmmra 

rrrrrrrrrr 
oooooooouoru 

mmmmmmmmmmca oo0ouuoooow 
rrrrrrrrrr 

m 
m+-mommmmmQ o m r o o o o o w  
I rrrrr 

Z Z Z Z Z Z L Z Z Z D  
Ul lnff lL7 m fflffl ln LE Ln w m r u m m w m ~ m m m ~  

r o r r  r rrr 
oaoo 0 0000 
0 

0 an: K 20 a m  wmmmm ooow a 
r -r rrr 

Z Z Z Z Z Z Z L Z Z Q  
LS L':IJWcT: cnffl m m m w 

m ~ n ~ m m m m m m o  
r 

000000L 0 
rrrrrr 

mmmmmmmmmmca 
000 OOOOOOn 
rrr rrrrrr 

rs 
m w a m  mmmmmo 
0 0 OOOoOn 
I rrrrr 

rrrrrrrrrra mwm~rxmmmmmo 
0 r 0 r ooooon rrrrr Z Z Z L Z Z Z Z Z Z Q  

fflmcnmmmcnLcLcmn 
rummmmmmmo 
rrrrrrrr 

m u o o o o u o c  rrrrrrrrrrD 
r€Z r r E r r r r a  

Z Z Z L Z Z Z Z Z Z 3  
in m m cnm Ln m m cn cr) L 

Z Z Z Z Z Z Z Z Z Z Q  
mfflfflcnmcncncnmmn oooooooooon 

cDmcoffl[I)mmLnLnffl 
mmzxommmmmo 
rrr r-rrrr 
ooc oooooun 

\\ I /  

- -  
7r3 l O i 5 7 - J  
o o m  0 7 m  r w  r 
m 7  r = ~ r t o n n  

, 
&O n n -- 7 5 5 3 
s m 5 5  l l l o r r  
m r t r r  n m o o  
3500 s r t 7 7  
m m 7 7  r 5 0 0  
~ P O  o m m m  

\ 
L \\ 

Z Z Z Z Z Z Z Z Z Z D  
mcnmfflcnmmmmw- 

mmwmpru~rmmcz  o w  ooru 00N 
r I T  

Z Z Z Z Z Z Z L Z Z Q  
mmLcfflcnmu1mmLcw 

a n o a m m m m m r ; ,  
ci ocooooow 

rrrrrrr 

Z Z Z Z Z Z Z Z Z Q  
fflmfflmmfflmmmr 

mmcnmmmmmmo 
00 oooouo1u 
rr rrrrrr 

mmmmmmmrnmcs 
0 0 0 0 0 0 0 0 0 w  
rrrrrrrrr Z Z Z Z Z Z Z Z Z Q  cn'X L': w m ln vl cn ffl 0 

o m m m m r n m m m ~  
m r r  rrrrr r 
. u0000u00r 

mmmmmmmmmca 
0000000001u 
rrrrrrrrr 

Z Z Z Z Z Z Z Z Z Z Q  
L': L?WC;IK fflm fflm ffl w 

mcnwmmmmmmcz 
r rrrrrr 
0 ouoooon 

t 
1 ,' 

3 m m  
m 

Z Z Z Z Z Z Z Z Z Z Q  
mcnmmmmLnfflmmP 

- ~ m m u ) m m m m r ~  
rr rrrr 

n 00 ouoo ru 

z m o ~ m m m m r n m o  
000 00 o o o w  
rr- rr rrr 

wmrnmrmmmm-a 
co0ooruoooo n 
rrr rrrr i/ i 

,i 
Z L Z Z Z Z Z L Z Z Q  
cnfflcnmfflcnmmlnlnb 

\' , ,+: / 
. 

I , 
ii 

li 

I 

/ 

li' 
/i' 

mm77 w500 
3 r o  o m m m  

m + w m m o r m m m o  
r r r m  rrr 
0 00. wooor-' 

Z z z z z z z z z z c  
mmcnLcmmmcnfflmw 

mmmrumcowmmmc 
O O W  oc O O U L  
rrr rr rrr 

Z Z Z Z Z i Z Z Z Z €  
cncnmmmmfflmmulb 

mrU-rnnmmmmm~ 00n0w00000r 
roor  rrrrr 
00 
0 

mnmrummmrnmo  
m r u o m o o o o o r  
oor  rrrrr 
0 

z m a m m m m m m m ~  
~000000000- 
rrrrrrrrr 

rummmmmmmmc 
orrrrrrrr 
d00000000~ 

0 
0 

mruru-mmmmmm~ 
r o o o r r r r r r  
OOONOOOOOON 

000 
00 

mmwmmmmmmo 
00 ooooooru 
rr rrrrrr 

Z Z Z Z Z Z Z Z Z Q  
mmCnCnmlnfflln(nW 

Z Z Z Z Z Z Z Z Z Z Q  
Ln fflm ma mcn m Lc f f l  rs 

Z Z Z Z Z Z Z Z Z Q  
mmwmfflmffl)[I)mrs 

Z Z Z Z Z Z Z Z Z Z Q  
m m cn m Lc m m cn UJ b7 cc: r O r m W D m m r Q  

000 0 0 
0 
0 

r n m I u o o o o o d w  
oooror r ro  

~ a a a m m m m m m ~  
~ c ~ ~ D o o o o o w  
-rrrrrrrrr 

mmmmrnmmmmmD 
030 J0oooon 
T-r -rrrrr 

Z Z Z Z Z Z Z Z Z C  
mmmmfflCnmmmJ5 

i, _-_-- - - - - - - -_  --- = ------ z 

t 

NT-Svr w Ipro]ecls/ty9Q/rfoa-rptmox_vocslnewvocs/newvocQ9 am1 

-- _ _ -  
I 
I cn 

u1 
il 

n 
CD 
3 
0 
CD 

II 
Q 511 m a 

c 
CD 

X 
CD 
3 

- 
3 
m 
rc 

rl. 

0 0 
S 
3 

7 S 

CD 
3 f "  

-r 3 s 0," 
3 o k  n, 

I. 

1 

0" 
2 
Dl 
3 
0 
CD 

0 
3 

- 
Q 
I. Q 3 D CD Q 

9) 

-7 
S 
1 nr 

3 
rn 

Q 
v1 0 

CD =+ 
II, 
Q 

Q CD U 
0 

I. 

. . *  

v) 
.. 
I. 

3 
I. 

rc 
n. 0 

x 
CD 

rl. 

1 

0 
3 
Q 

z 
rc 
I. 0 

rc 
I. 

0 0 
3 . "  0 

rc - v, n! 
C J  

I. s 
1 
I. 

3 
0 
TIT 
rc -. 

0 v) 

CD 
1 

1. 



c 
y. 
0 

CI 
al 
al 

0 
m 
x 

+ 
7 

v) 
C 
0 

m- 

L 
a 
II 
0 

0 

c.' 

L 

0) 
S 
.I 

L 
v) 
Q) 

3 
m 

L 

CI 
.I 

S c 
0 
.I 

x' Q, 
u, - t i  

" (CJ 
a .cI c 

a 
X 
w 
+ 

E 
3 

VI - c 
IT 
(II > 

rn 
U 
S 
3 

L c) a 
0 m 
S 
m .I 
L 

n 

- m 
> 
3 

.I 

- 
T 

d 
L 

'D 
a 
trT 
c) 
a 

0 
n 

. -  .I > 
3 - 
3 

n 'Is 
L 

L 
U r r 

.I 

n 
- 
0 
cn LL 

> 
Y 

c 

H H M  In 

c 
__- 

1 

\ 

i 
I 

I ,  A/,, 

c . 
\ 

m+co v 
T o o m o o c u m  
oom *u3 

0 0 O T b O L o  

i \ 1 I 

Pmmmmmmm clzzzzzzz vmmmmcnmm ozzzzzzz 7mmmmmmm clzzzzzzz Pmcn~mmcnm clzzzzzzz 

\ \  m N 
4 HOb 

D .  . z . .  . . m o o m o m c o d  
00 o m o m  m 

" .  . . L . .  . 
004 oom 

I -  

' .. cummmmmmm clzzzzzzz rd li: mm mm lil m ozzzzzzz cummmmmmm 
OZZZZZZZ 

rummmmmmu] OzZZZzZZ cu m m L7'd m m m clzzzzzzz cucnmmmmmm clzzzzzzz 

m 
o m  cu m v  

-ooommrurr, 
c ) .  . . z . .  . 

000 m o m  ri 

~cnmmmmmm clzzzzzzz - mm ffl cn mmb; clzzzzzzz 
d o o m o m m m  m . . z .  00 moom . . .  

i l  I : :  0 d 
R I 0 

r 

'i 
\ 

,,' 

vcncnmmmmu, 11 clzzzzzzz 

ii 

n imu  

nirncncnmcnmm clzzzzzzz 

I 1  
/ /  
ii 
' 1  
/ I  
! I  

I 1  

I /  
I1 

d 
0 1  
v 
NO P 
\m m 

den\ (u 
7mm \ 

€ € E  NCUN 
3 3 3  I 1  I 
+ d d E E E E  
0 Cc l  3 7  3 7 

%cum mmm 
I I I mmm 

\ \  I '. '. \ 
\ 

oob 0 
Goo-ocuma 

I I  m m c u  

. . . . . . . 
3 o o o m o L o  

q 

Pmmmcnmmm clzzzzzzz Pmcnmmmmm clzzzzzzz 
pi 

i ! 
i [T: 33 mm mu] m m czzzzzzz mmmmmmmm mzzzzzzz 

% 
C 

nrmmcnmmcnm clzzzzzzz ooooo-m 
m 
NV cu 

4 

I II I 
d 

. 
-mcnmmmmm ozzzzzzz 

U 
Yr 

r 
CIQ I / -  

/ 

4 
2 

I l l  I 

I \ \  


